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Introduction

The PC parallel port is a powerful platform, though inexpensive, for implementing projects dealing with the control of real-world peripherals. It can be used to control the printer as well as household and other electrical appliances.

The computer program included as part of the project controls relays through the interface circuit, which, in turn, switch the appliances ‘on’ or ‘off’. The parallel port has 12 outputs including 8 data lines and 4 control lines.

The hardware circuit developed can be used to control up to 255 electrical appliances using only 8 data output lines from the parallel port. Besides, the software program allows the users to know the current status of the devices.
The Parallel Port

The Parallel port or line printer terminal is found commonly on the back of a PC as a D-Type 25 Pin female connector. The port is composed of 4 control lines, 5 status lines and 8 data lines.
The original parallel port is a bundle of three ports namely, data port, status port, and control port. Each of the Data, Status, and the Control port have specific addresses assigned to them. These addresses are in sequential order. That is, if the data port is at address 0x0378, the corresponding status port is at 0x0379 and the control port is at 0x037a. To identify the assignments for a particular machine, the DOS debug program can be used to display memory locations 0040:0008. For example:

>debug

-d 0040:0008 L8

0040:0008       78 03 78 02 00 00 00 00

Thus according to the addresses displayed it follows that the address of the data port is 0x0378 and so on.

Pins 2 through 9 form the 8-bit data output port. This port is purely a write-only port. This means that it can be used only to output some data through it. Pins 1, 14, 16, and 17 form the control port which is capable of reading/writing. Pins 10 through 13 and Pin 15 together form the status port. The status port is a read-only port.
The pin outs of DB25 connector is shown in the picture below:-
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Pinout of the Parallel Port
The lines of DB25 connector are divided into three groups:-

    1) Data Lines (Data bus)


    2) Status Lines


    3) Control Lines


As the name refers, data is transferred over data lines, Control lines are used to control the peripheral and the peripheral returns status signals back to the computer through Status lines.

Hardware

Block Diagram:
The block diagram shown below shows the main components of the system for switching multiple devices using a personal computer. The control command to switch the devices on/off is given through the keyboard. The software program which can be developed in any programming language such as C, C++ etc. scans the input and, as per the input command, the data is available at the parallel port.
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[image: image3]Block Diagram of the System
Circuit Description:
The basic circuit comprises of a Relay, one 470 ohm resistance, one 4.7k ohm resistance, an Opto-coupler IC numbered MCT2E, one transistor numbered BC148 and a diode numbered 1N4007.

The commands for hardware functioning are given through the keyboard. The commands after being scanned by the software program result into an appropriate voltage generation for hardware. In the hardware there are 2 stages mutually connected to each other through the Opto-coupler. In Opto-coupler a diode and a transistor are connected with the help of light as an interconnection medium. The other end of the Opto-coupler which is the output end is connected with a Transistor and diode.
The transistor connected with the output of the Opto-coupler is the BC148 acts as the amplifier in the circuit and the amplified current is passed on to the relay. The relay and the AC Power supply in turn switch the device on or off.
The actual circuit diagram is as follows:-
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Circuit Diagram

Components:
The components used in the hardware circuit are as follows:-
1. Opto-Coupler
The Opto-Coupler is an Integrated Circuit. The number of the IC used is MCT2E. Basically an optocoupler is a combination of a light source and a photosensitive detector. In the optocoupler, or photon coupled pair, the coupling is achieved by light being generated on one side of a transparent insulating gap and being detected on the other side of the gap without an electrical connection between the two sides (except for a minor amount of coupling capacitance).




The particular MCT2E Opto-Coupler IC is used in this circuit is a 6 pin IC. The IC consists of a diode at the input side by the pin no. 1 as the anode and the pin no. as the cathode of the diode. The pin no. 3 is not used and represents no internal interconnection. The other 3 pins of the IC represent the output side of the IC which is a transistor. The pin nos. 4, 5, and 6 represent the emitter, collector, and the base respectively of the transistor. Diagrammatically, the IC can be viewed as :-
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MCT2E Opto-Coupler IC
The Pin-numbering and the corresponding functions are as follows:

1 – As an Anode of the diode.

2 – As a Cathode of the diode.
3 – No internal connection (not used).
4 – As an Emitter of the phototransistor.
5 – As a Collector of the phototransistor.

6 – As a Base of the phototransistor.
The specialties of the MCT2E Opto-Coupler IC are:-

· High direct current transfer ratio.

· High speed switching.
2.   Relay

Relay is a circuit used for tripping and switching purposes. Here we have used two types of relays, which are as follows:-
1-relay (6v, 100ohm, and 1c/o):-Used for signal tripping.

2-relay (6v, 100ohm, and 2c/o):-used for double tripping.

The detection of a fault and disconnection of a fully section or apparatus can be achieved by using fuses or relays in conjunction with circuit breakers. A fuse performs both detection and interruption functions automatically but its use is limited for the protection of low voltage circuits only, for high voltage circuits (say above 3.3kv), relays and circuit breakers are employed to serve the desired function of the automatic protective gear.
Relay Classification:-
Relays have the same subsystem and principles of operation regardless of whether they are electromechanical or electronic, or designed to switch signal or high power loads.

These principle functions are as follows:
· Conversion of an electrical input signal on primary side to an intermediate and non electric physical signal.

· Reconversion of this non electric physical signal to operate a switching element (secondary side) such as contacts which switch and conduct electrical current (output, load current).
· The use of the non electric signal between primary and secondary side provides the necessary galvanic separation between input and output circuits.
3. Diode:

A PN junction is known as a semiconductor or crystal diode. The outstanding property of a crystal diode to conduct current in one direction only permits it to be used as a rectifier. A crystal diode is usually represented by the schematic symbol as shown in figure. The arrow in the symbol indicates the direction of easier conventional current flow. A crystal diode has two terminals. When it is connected in a circuit, one thing to decide is whether the diode is forward or reverse biased. There is an easy rule to ascertain it. If the external circuit is trying to push the conventional current in the direction of arrow, the diode is forward biased.
On the other hand, if the conventional current is trying to flow opposite the arrowhead, the diode is reverse biased.

PN Junction (Diode)
Putting this in simple words:
                             (a) If arrowhead of diode symbol is positive with respect to bar of the symbol,

     The diode is forward biased.
(b) If arrowhead of diode symbol is negative with respect to bar of the symbol,

      The diode is reverse biased.

4. Transistor:
A transistor consists of two PN junctions formed by sandwiching either p-type or n-type semiconductor between a pair of opposite types. Accordingly, there are two types of transistors:
1. N-P-N Transistor 
2. P-N-P Transistor             
An N-P-N transistor is composed of two n-type semiconductors separated by a thin section of p-type as shown.
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A P-N-P transistor is composed of two p-type semiconductors separated by a thin section of n-type as shown.
[image: image7.png]»

n

»





In each type of transistor, the following points may be noted:
(1) There are two PN junctions. Therefore, a transistor may be regarded as a combination           of two diodes connected back to back.

(2)There are three terminals, taken from each type of semiconductor.

  (3)The middle section is a very thin layer. This the most important factor in the function    of a transistor.
Origin of the name “Transistor”:

When new devices are invented, scientists often try to devise a name that will appropriately describe the device. A transistor has two PN junctions. One junction is forward biased and the other is reverse biased. The forward biased junction has a low resistance path whereas a reverse biased junction has a high resistance path. The weak signal is introduced in the low resistance circuit and output is taken from the high resistance circuit. Therefore, a Transistor transfers a signal from a low resistance to high resistance. The prefix ‘trans’ means the signal transfer property of the device while ‘istor’ classifies it as a solid element in the same general family with resistor

Software

The software program developed for the project basically consists of :-
· Front End – developed in C
The front end of the program is used for a friendly and simple interface for the user.
Methodology:
To understand the concept of software development, the predefined phases of the Software Engineering are to be followed.

The phases included are as follows:
1). Requirements Analysis

2). Design

3). Coding

4). Testing

To develop software each of the phases of software development model is to be implemented properly. The work done in various steps are :-

1) Requirements Analysis:
In this phase the, the focus is basically on the requirements of the project. To understand the nature of the programs to be built, the software engineer must understand the information required for the software as well as the required function, behavior, performance and interface. Firstly the information regarding the project is gathered such as why the software is needed, how the software will be better than the previous existing one, what technologies are needs for developing the software etc. The focus is specifically on the software.

The requirements analysis also suggest that there should also exist some good facilities for developing an attractive Graphical User Interface (GUI).Besides these things it is also required that the functionality or the way to use the system should be simple so that a layman having elementary knowledge can also use it.

 

For the project under consideration, it is obvious that the internal low-level interaction with the hardware should be abstracted from the user so as to facilitate the user to easily handle the system. The best programming language for achieving the hardware interaction is C++. On the contrary one of the marked languages for developing a good user interface is the Visual Basic.
DFD (Data Flow Diagrams)

The data Flow Diagrams depict the Process Model of the system. DFD are also known as "Bubble Chart". They have the purpose of clarifying system requirements and identifying major transformations that will become programs in system Design. Following Data Flow Diagrams were identified for the various processes in the Online Examination System.


	command

	signal



Context Diagram
	User commands
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	Software-Hardware Interaction



	Signal to the connected Device


	Electrical or Electronic device to be controlled


Top Level DFD (Level 1):

2). Design:
Software design is actually a multi step process in itself. The design process translates the requirements into a representation of the software that can be assessed for quality before coding. In simple words the design phase aims at producing a model or representation of an entity that will later be built.



For the system under consideration the physical specification obtained after analyzing the requirements indicate that there is a requirement of a program so as to deal with the printer port and another program to interact with the user.

3). Coding:
The design must be translated into a machine-readable form. The code generation step performs this task. This phase is the heart of the software development process. 



For this project the code that interacts with the hardware that is the back end has been designed using the programming language C++. On the contrary to generate a good user interface for the user Microsoft Visual Basic 6.0 has been used.
4). Testing:
This phase is the most important phase as it removes errors and bugs from the software code. In this phase the tester tests the code listings for errors in order to make the software error-free. This makes the software more maintainable. Testing is also done to check whether the software fulfills the user requirements or not. This phase is also essential as all possible extreme boundary conditions are checked and verified. That is tests are conducted to uncover errors and ensure that defined input will produce actual results that agree with required results.

For the current project had been tested for various possible values of the port numbers on which the output will be obtained. 
System Requirements:
System Requirements defines the ideal resources required for the efficient working of the application. The system requirement for this application can be broadly categorized under two headings namely, Hardware Requirements and Software requirements.

Hardware Requirements:

Processor:
 Pentium 1/ Pentium II / Pentium III / Pentium IV.

Memory   :
 32 MB Ram (Minimum) 

Resolution:
 800 x 600 pixels.
Software Requirements:

Platform   : 
Any Operating System. 
Language:       C or C++ or VC++.
Working
In the project developed, the software program and the hardware circuit work interactively to generate appropriate signals to switch the connected devices ‘On’ or ‘Off’.
As in the Interface to switch a device On/Off it is required to enter the valid values of bit number. 
This code on the behalf of the user interacts with the back end which is developed in C++. The executable binary code in C++ is actually used for generating appropriate output in the form of current signal at the printer port to activate the hardware circuit designed.
The hardware works like an On-Off switch according to the signal from the parallel port of the computer. The current signal form the printer port is fed into the Opto-Coupler IC of the circuit. The Opto-Coupler the diode works as Light Emitting Diode and the light generated from this diode acts as a coupling medium between the diode and the Transistor. In the transistor of the Opto-Coupler the Base-Collector junction is reverse biased and provides a high resistance value for collector whereas the Base-Emitter junction is forward biased and hence provides a low resistance value for emitter.
On the execution of the software the printer generates a voltage value of 3.3 volts due to which the circuit between the diode and the transistor of the IC is complete and the base-collector junction and the base-emitter junction are reverse and forward biased respectively.
The low value of current taken as output from the IC is not sufficient for relay-tripping. So as to have a high current value large enough to be able to trip the relay another transistor is used. This transistor is an N-P-N transistor which is named as BC148. This transistor is used in common base configuration and hence used as an amplifier. This transistor is responsible for amplifying the current so as to trip the relay.
A Diode numbered 1N4007 is also used between transistor and relay which works as a rectifier. When the device is to be switched on appropriate current value is generated from the printer port with the help of software and otherwise the printer port is disabled to generate any current. The relay when a tripped result in the completion of the circuit and the path between the device and the A.C mains is connected and the device is hence enabled or disabled.
Applications and Advantages 
The project has some important applications such as: 

1. It can be used for domestic purposes (Offices, schools, hotels etc.).
2. It can be used as a switching device at places where computers are available.

3. Although Traffic lights are microprocessor controlled, this project can also be employed for controlling the same.

The system also has many advantages. Some of the prominent advantages are:-
1. User Friendly – The project has simple and efficient interface so that a person having elementary knowledge about computers and only the introductory knowledge about the system can use it.
2. Easy Handling – Once developed and put to work properly then no further maintenance is required. 
3. Machine Independent – The project is totally machine independent .Not any special packages or hardware is required.
Scope for Extension

The circuit can be extended to 8 rooms with 8 devices in each room. In this figure the four control pins are used and the 8 data pin passes the data through the parallel port in parallel fashion. 
This project can be made wireless also. Transmitter and receiver can be used with sensors attached at the hardware box and also at the application devices so as to make the system wireless. 

When the system is ‘On’ the bytes are digitally modulated and then sent at infrared frequencies through transmitter antenna. The receiver at the application devices catches the signal sent by the transmitter antenna and then the signal is demodulated and after demodulation, the corresponding status is read and operation is performed.
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