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Ala'a Fatayer :

As a senior this was the first project that actually gave me a hands-on experience on present research projects.  It also enabled me to utilize my background in RFIDs systems and all the theories that I studied and thought were useless. This project also gave me a chance to work with such a qualified and hardworking team which includes the students, the T.A.’s, and the Doctor, and the success of our project was based on everybody’s hard work.
Safa'a Hirz Allah :.
this project has helped me understand the theories I have learnt so far in practical way
It has also given me some hands on experience .I would like to  take this opportunity, to thank
 Dr.  Mazen Al_Rasekh ,Dr.Falah Hasan and Allam Mousa  for helping us and giving
us all the encouragement in turning this project to a great success.
Sozan Rabay'a :

yes we faced many problem in our project and we  forget the laughter .and there was many days we didn’t find the time to get our breakfast , this is not problem , the important one, the information  about  this technology (RFID),  which we become very good on it in hardware and software ,spatially in soft ware ,.

And I would say this is very important technology, because it has wonderful usages, 

1.1 INTRODUCTION

Radio Frequency Identification (RFID) systems use radio frequency to identify, locate and track people, assets and animals. Passive RFID systems are composed of three components – a reader (interrogator), passive tag and host computer. The tag is composed of an antenna coil and a silicon chip that includes basic modulation circuitry and non-volatile memory. The tag is energized by a time-varying electromagnetic radio frequency (RF) wave that is transmitted by the reader. This RF signal is called a carrier signal. When the RF field passes through an antenna coil, there is an AC voltage generated across the coil. This voltage is rectified to result in a DC voltage for the device operation. The device becomes functional when the DC voltage reaches a certain level. The information stored in the device is transmitted back to the reader. This is often called backscattering. By detecting the backscattering signal, the information stored in the device can be fully identified. There are two classes of RFID device depending on type of memory cell: (a) read only device and (b) read and write device. The memory cell can be made of EEPROM or FRAM. EEPROM is based on CMOS silicon and FRAM is based on ferroelectric memory. Since CMOS process technology has been matured, the EEPROM can be produced relatively at lower cost than the FRAM device. However, FRAM based RFID device consumes less power which is desirable for low power device. Therefore, it is known as a good candidate for the future RFID device, if its manufacturing cost becomes compatible to that of the CMOS technology. Because of its simplicity for use, the passive RFID system has been used for many years in various RF remote sensing applications. Specifically in access control and animal tracking applications.

In recent years, there have been dramatic increases in application demands. In most cases, each application uses a unique packaging form factor, communication protocol, frequency, etc. Because the passive tag is remotely powered by reader’s RF signal, it deals with very small power (~ µw). Thus, the read range (communication distance between reader and tag) is typically limited within a proximity distance. The read range varies with design parameters such as frequency, RF power level; reader’s receiving sensitivity, size of antenna, data rate, communication protocol, current consumptions of the silicon device, etc. Low frequency bands (125 kHz-400 kHz) were traditionally used in RFID applications. This was because of the availability of silicon devices. Typical carrier frequency reader’s transmitting frequency) in today’s applications range from 125 kHz-2.4 GHz. In recent years, the applications with high frequency (4-20 MHz) and microwave (2.45 GHz) bands have risen with the advent of new silicon devices. Each frequency band has advantages and disadvantages. The 4-20 MHz frequency bands offer the advantages of low (125 kHz) frequency and microwave (2.4 GHz) bands. Therefore, this frequency band becomes the most dominant frequency band in passive RFID applications.
Our device uses an antenna coil to power the RFID tag embedded in our Cornell ID's and read the induced response pic 16f877 microcontroller which runs the actual security program. In addition to interactions with the ID cards, the system is in contact with an administrator computer via a serial communications link.

Overall block diagram of our project
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1.3 System Handshake:
Typical handshake of a tag and reader (interrogator) is as follows:

1. The reader continuously transmits an RF signal and watches always for modulated backscattering signal.

2. Once the tag has received sufficient energy to operate correctly, it begins clocking its data to a modulation transistor, which is connected across the antenna circuit.

3. The tag’s modulation transistor shorts the antenna circuit, sequentially corresponding to

The data which is being clocked out of the memory array.

4. Shorting and releasing the antenna circuit accordingly to the modulation data causes

Amplitude fluctuation of antenna voltage across the antenna circuit.

5. The reader detects the amplitude variation of the tag and uses a peak-detector to extract the modulation data.

Chapter Tow:
2.1Transmitting section
The transmitting section circuitry for a carrier signal

(125 KHz), power amplifiers and tuned antenna coil.

The schematic diagram of transmitting section:
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The 125 KHz carrier signal is typically generated by dividing a 4 MHz
(4 MHz/32 = 125 KHz) crystal oscillator signal. The signal is amplified before it is fed into the antenna tuning circuit. A complementary power amplifier circuit is typically used to boost the transmitting signal level.

After passing through the amplifier the current 

2.2 The RF choke:
The RF choke is used to filter out most, if not all of the upper harmonic frequencies found in the square wave output, leaving the fundamental frequency, 125 KHz, as a sine wave to be amplified.
(1) The signal before amplified ,the current equal to 2.87 mA
[image: image3.png]
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(2) After amplifying the signal, the current amplified to 21.62 mA

:
[image: image5.png]  [image: image6.png]



2.3 The tag

Tag consists of a silicon device and antenna circuit.

The purpose of the antenna circuit is to induce an energizing signal and to send a modulated RF signal. The read range of tag of tag largely depends upon the antenna circuit and size.
The antenna of tag is made of LC resonant circuit, depending on the carrier frequency .the LC resonant of less than 100MHz. In this frequency band, the communication between the two antennas through the magnetic coupling between the two antennas through the magnetic field. The antenna utilizing the inductive coupling is often called magnetic dipole antenna.

When we designed the antenna circuit we tried to maximize the magniting coupling between them this we could achieve with the following parameters:
a) LC circuit must be tuned to the carrier frequency of the reader
b) Maximize Q of the tuned circuit which selects it equal to 40 in our project.
c) Maximize antenna size within physical limit of application requirement, and this point we will talk about briefly.
For our project, we are using a  EM4100 card. The carrier frequency is 125 KHz.
Information about the card (EM4100)antenna:

Inductance =2.8mH.

R=53.8 ohm

The antenna is circular
The wire diameter  =.09mm

Thr inner diameter =19mm

The outer diameter=21.8mm

The width of the wire =2.8mm

The number of turn =27

The quality factor =40

2.4 Resonant Antenna Circuit
An RF antenna is a form of tuned circuit consisting of inductance and capacitance, and as a result it has a resonant frequency. this is the frequency where the capacitance and inductance reactance cancel each other out at this point the RF antenna appears purely resistive, the resistance being a combination of the loss resistance and the radiation resistance.
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An antenna impedance tuning circuit consisting of capacitors is used to maximize the signal level at the carrier frequency. This tuning circuit is also needed to form an exact LC resonant circuit for the carrier signal. The tuning compensates the variations in the component values and the perturbation of coil inductance due to environment effect.. Because this design was recommended for proximity solutions from the Microchip® guide, we decided to go with a series L-C resonant circuit as opposed to one where the resistor and inductive antenna were in parallel. Because of this, at maximum resonance we also observe maximum current. In order to determine values for the inductance and capacitance needed, we used the equation:
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Where f is the resonant frequency (in Hertz), L is inductance (in Henries) and C is capacitance (in Farads). Since f = 125 KHz and we had plenty of 1 nF ceramic capacitors in the lab, we settled on an inductance of 1.62 mH.
We designed many antennas in different sizes and shapes, but in all of them we can't see a signal in the oscilloscope when we near the card from them. Finally we designed the antenna depend on the equations which related to circular antenna, and fortunately it was true.
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To construct an antenna with the necessary inductance we used the flowing equations:
Equation one:
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Where:

I = current

Radius of loop

Distance from the center of loop

a = radius of coil

r = read range

μ0 = permeability of free space and given as

4 π x 10-7 (Henry/meter

Equation two:

	V0 2πfNSQBo = cos α




Where:

f = frequency of the arrival signal

N = number of turns of coil in the loop

S = area of the loop in square meters (m2)

Q = quality factor of circuit
Βo = strength of the arrival signal

α = angle of arrival of the signal

Equation three:
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Where:

N: number of turns

I: current in amber

a = radius of coil

r = read range

Equation four:
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And after calculations :
L = 1.62 mH

N= 40 turns

r= 12 cm

a = 20 cm

The final  design of  antenna :
[image: image13.png]
Chapter three:

3.1 Receiving Section:
The receiving section consists of an antenna coil, demodulator, filters, amplifiers, and microcontroller.
The schematic diagram for receiving section:
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3.2 Backscatter Modulation:

This terminology refers to the communication method used by a passive RFID tag to send data to the reader using the same reader’s carrier signal. The incoming RF carrier signal to the tag is transmitted back to the reader with tag’s data.

The RF voltage induced in the tag’s antenna is amplitude- modulated by the modulation signal (data) of tag device. This amplitude-modulation can be achieved by using a modulation transistor across the LC resonant circuit or partially across the resonant circuit.

The changes in the voltage amplitude of tag’s antenna can affect on the voltage of the reader antenna. By monitoring the changes in the reader antenna voltage (due to the tag’s modulation data), the data in the tag can be reconstructed. The RF voltage link between reader and tag antennas are often compared to a weakly coupled transformer coils; as the secondary winding (tag coil) is momentarily shunted, the primary winding (reader coil) experiences a momentary voltage drop.

The first step in the receiving stage is demodulating the backscattering signal, and the second step is detecting the frequency (or period) of the demodulation signal. The demodulation is accomplished by detecting the envelope of the carrier signal. A half-wave capacitor-filtered rectifier circuit is used for the demodulation process. A diode detects the peak voltage of the backscattering signal. 
The voltage is then fed into an RC charging/discharging circuit. The RC time constant must be small enough to allow the voltage across C to fall fast enough to keep in step with the envelope. However, the time constant must not be so small as to introduce excessive ripple. The demodulated signal must then pass through a filter and signal shaping circuit before it is fed to the microcontroller. The microcontroller performs data decoding and communicates with the host computer through an RS-232 or other serial interface protocols.

3.3 Filtering:

This portion of the circuit is devoted to separating out the carrier frequency from the modulating envelope, since it's really only the envelope that has the data we care about.

Once signal leaves this stage, it passes through a capacitor to knock out the DC offset and into the next set of filters; a pair of active Twin-T filters and an active Butterworth filter with the TL084 OpAmp as the gain element.

The first filter mostly isolates the pass band with roughly unity gain for all frequencies outside the pass band. The second filter further accentuates gain in the pass-band while slightly reducing the magnitude of frequencies outside the pass band. After this, the signal goes through a massive Butterworth Low-Pass filter to drastically increase gain of lower frequencies already in the pass band and virtually eliminate the higher frequencies, including the 125 KHz carrier signal. Once out of the filters, the signal is then put through a TL084-based comparator and a resistive divider to generate a nice square wave at logic levels.

(1) The output signal from the resonant circuit "received data":
[image: image15.png]
(2) The signal after passing through the diode :
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(3) The signal after passing through the first filter:
[image: image17.png]
(4) The signal after passing through the second filter:
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(5) The signal after passing through the third filter:
[image: image19.png]



(6) The signal after passing through the comparator:
[image: image20.png]



Chapter Four:

4.1  Soft Ware Design and Program details: 
· In our project ,we use pic 16f877 for programing ,
We use the out put  4MHZ from  the ripple counter 74HC4060  to the pic .

· we use the CCP1  capture inturrupt  .to start the program to work , when this interrupt work ,  because this  means  the reader start  to take the data  .

      And we use this i nterrupt to  knew how the time of Ton  and Toff , and what are the oossiple out put    of each one.

  . port c :is the input of the hardware reader output  . because we use (CCP1 == pin 2 from port C).

· Port B is the green  LED output.

· We enable the transmitter and reciever in USART (serial  cable ) and  set the bude rate 9600, and the other inthe defult definition .

· CCP1: enable on   the rising edge.

The Work stages :

Firstly we wrote programe 1 which their in the appendix : this  program  to notic the time  for  the one bit and for zero   bit  

, we notic that : their is only    four cases  :

Ton =(240  -280)us   ( value in this range ( this mean  the output is  1 

Ton =(443-540)us ( value in this range  (  this means that the output is 11  

Toff =(240-280)us  (this means  the output is 0 

Toff=(443-540)us ( this mean  ,the output is 00

For example yje output of this program  was :

ton=247  tOff=257                      

                                         ton=255  tOff=244                                                          

                                                           ton=257  tOff=256                                                                            

            ton=256  tOff=520                                

                                 ton=492  tOff=242                                                  

                                                   ton=257  tOff=256                                                                          

       ton=247  tOff=509                        

                         ton=258  tOff=282                                          

                                           ton=515  tOff=243                                                            

                                                             ton=248  tOff=283                                                                        

 this mean that the data  is : 101010100110101001011010

( so, we become  sure that the data in the tage  was encoded by Manchestor .

secondly : We wrote program 2  to recieve the data from the reader   , this program wasin PIC C , when the first interrupt began . this means the card start to sent the data serially and this stream of bits transmitted to the hyper terminal 

We wrote many programs, in each one there is many problem in the data .because there is delay to out the data, so the data was appeared in different order and we couldn’t notice where the correct data because we know that the card must sent 128 bit and this bits must reputed.
Finally when we use program 2, we notice periodicity every 428 bit.
We made the program to out 1000bit in each bit cycle. 
An example of 1000 bit response looked something like this:
1100000000111000111100011100011111111000111100000000111111100011110001110000111100110000000111111000110011100011110011100011100001111000110001110000000011000011100111111100000000111000111111110000000001111111100000001100111000011100011100110001100011100111000111100011100110001111001110011111111100000001110011100001111111000000000111001100011111111100000001111111100000000011111111100000001110001111111100000000011111111100001100011110000000011100011110001110001111111100011110000000001111111000111100011100001111000001111110001100111000111100111000111000011110001100011100000000110000111001111111000000001110001111111100000000011111111000000011001110000111000111001100011000111001110001111000111001100011110011100111111111000000011100111000011111110000000001110011000111111111000000011111111000000000111111111000000011100011111111000000000111111111000011000111100000000111000111100011100011111111000111100000000011111110001111000111000011110000001111110001100111000111100100000000000000000000000000

There is long sequence of 1’s and 0's that stand out; we used this data as reference to identify      the start and of 428 bit.
By doing this program for different 3 cards and notice whets the common bit between them.
And this is the rebetabed number for the first card:
11100011001110001111001110001110000111100011000111000000001100001110011111110000000011100011111111000000000111111110000000110011100001110001110011000110001110011100011110001110011000111100111001111111110000000111001110000111111100000000011100110001111111110000000111111110000000001111111110000000111000111111110000000001111111110000110001111000000001110001111000111000111111110001111000000000111111100011110001110000111100000111
There is also something noticeable about the427bit sequence. There are 1's and 0's in groups of 2, 3,4,7,8 or 9.
We hypothesized that maybe these longer groups of 1's or 0's represent 11 or 00,
And the other group of 2,3or4 of 1's or 0's represent single bit 0 or 1

So we wrote program in C sharp to do this idea we represent this groups to its origin, and the number of bit become 128 
So the above data appear on the hyper terminal   like this:

10101010101010101001010110010110011001010101010101010101010101011001010110010101100110011001011001101010010101011010011010101001 
We do this stages for 2 card other this we notice that the started of the data is 101010101010101010   and the end of the data is 101010101, 

Manchester decoder:

We wrote abode for Manchester decoder; Atransmitionfrom high to low corresponds to a 1and a transition from low to high correspond to a 0. The data after decoding:
The first card(
1111111110001001010000000000000010 0000000100     01010111000011011110

The second card (
1111111110001000100000001100000010 0000000100 01110010000000011110      

The # of bit become 64  
We notice that   after the start bit, after each 4 bit followed by 0.

Final stage:
We omit this 0'sbit and the start and the end bits to convert the binary number to hex: it becomes:

0001010100000000000100000010010111100011  ( the binary number 

15001025E3  ( the student number 

For the second card:
1111111110001000100000001100000010 0000000100 01110010000000011110
0001001000001101000100000010011101000000( the binary number 
         120C102740(the student number

 For each card we repeat reading and the number in each one is the same 

4.2 Program Flow Chart:
And this is the flow chart for the program  


Chapter five:
5.1 Result of Design: 
              Certain aspect of the proximity security system performed equal to what we initially expected at the start of the project. The maximum range of the proximity card reader is about 8 cm from the antenna

But in our project we design the antenna to give 15 cm range, by using circular antenna with 10cm diameter and nearly 60 turn   , but when we use antenna with 7cm diameter the range became 10cm.
And if we use ferrite the range will become more.

            The approximate read time for most cards is about 1 to 3 seconds once the card within the maximum read distance. The latency due to the redundant code check.

And if the card is near the maximum range or has poor modulation consistency then it will take longer to read.

          The proximity security system   is fairly accurate as we expected. Because any thing was affect on the output data, as if the card is held around the maximum range, we occasionally receive incorrect data. However, if the card within 3cm from the coil, the data can be read with virtually no errors.

         And to complete the project it need more time because this project has different problem depend  where it will use ,   for example ,if it will  use in a university to take the absence for the student , maybe some person take the card fore other one , and may be more  one inter the class with  other so the reader will receive data from the two card  so the out put is incorrect ,and the program must have data base to  compare the receive data with the correct one to omit that’s number of student who isn’t in the class  room.

5.2 Problem and difficult stages in the project:
     1-    The antenna design for receiving the data from the card, the antennas which we were design it weren’t received any data firstly, we change the design more than 5 times in each one we were change the 3of turn or the radios of the coil, to increase the current which will pass through the coil   to make the enough magnetic field to feed the card with enough power to work and send the data, and the important point, that the data not appear on high scale of time per division.
 2- the software  part : we wrote  many   code to receive the data and in each one we received deferent data , until we reach to the correct code , after that the problems was the data which we received need more stages of processing until we reach to the final numbers .

3- The problem in hardware was any short cct happened was increasing the current in the cct and the regulator and the ripple counter.
5.3 Timeline:

	
	Week
	Tasks

	1
	1
	Team forming

	2
	2
	Initial meeting and set goals

	3
	3
	Analyze past design and theory

	4
	4
	Design reconstruction and testing

	5
	5
	Proposal review and continual research

	6
	6
	Contrast transmitter circuit

	7
	7
	Testing the transmitter

	8
	8
	Contrast receiver circuit

	9
	9
	Testing the receiver

	10
	10
	Design printed circuits

	11
	11
	Design printed circuits

	12
	12
	Design implementation

	13
	13
	Design implementation

	14
	14
	Thanksgiving Break

	15
	15
	Testing / Final design review

	16
	16
	Integration / Final presentation 


Teaching Assistance:
1. Dr. Mazen Rasekh

2. Dr. Allam Mousa

3. Dr. Falah Hasan
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