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SYNOPSIS

This project is based on embedded system and is used to reduce the manual work to maintain and monitor the details of each department in a company.

Normally in a company, there will be many departments like   production, packing, sales, stock etc. For each department, a computer will be required. Instead of having a computer in each department, a node (with PIC microcontroller, a keypad and a LCD) is placed in each and every department.
To develop this project, a PC (server) and the node (in each department) are required. To maintain the details of each department, a PC is connected with the microcontroller of each node through an IC Max232 interface having a common bus. So the details entered in each department is sent to the PC and stored in the database. The information can also be sent from the PC to any departments.

So with this system, the cost to maintain and monitor each department in a company is very low and the reliability for the users is very high.
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1. INTRODUCTION

1.1 Company Profile
EG Technologies is the convergence of technologies in software, embedded and hardware under one fold. EG Technologies was established in the year 2003 in the city of Coimbatore and is rising ahead in the field of software, embedded control design team of dedicated, intelligent and optimistic young engineers. 

On January 2004, EG technologies extend the operations to Salem and tied up with POOL IT Hyderabad for various development projects. 
1.2 About the Project
In small scale industries, there will be many departments like   production, packing, sales, stock etc. For each department, a computer will be required. In order to replace the expensive PC network of the company, this microcontroller based low cost network is proposed to develop.

The PIC16F876 Microcontroller is used to construct this project. A node (with PIC microcontroller, a keypad, and a LCD) is placed in each and every department instead of a computer. So to develop this project, a PC (server) and the node (in each department) are required. To maintain the details of each department a computer is used as a server and is placed in the stock room.

In order to enter the details that are to be send to the server, a keypad is provided. A two line Liquid Crystal Display (LCD) is interfaced with the microcontroller to show the details entered in each and every department. The LCD display is of 16 characters length.

The details entered in each and every department using keypad is sent to the server through the microcontroller and stored in the database. For this purpose the
computer and the microcontrollers are connected serially through an IC Max232 interface.

Each department has its own department ID for the computer to recognize from which department the information has been sent. The system is designed with the following constraints:
· An information can be sent from  PC to all the departments, 

for example if a meeting is to be held, then the awareness of the meeting in each department can be done by sending a single message.
· The information sent from any department must contain department
ID. If the information is to be sent from sales department about the number of products sold, it must have department ID, product code, and the number of products sold. Though department ID, the computer recognize from which department the information has been sent.
· It is possible to send message from PC to a particular 

department by specifying the department ID.

2. SYSTEM CONFIGURATION

2.1 Hardware Specification 
 
Microcontroller
:
PIC16F876 Microcontroller

Oscillator

:
4MHz Oscillator

Regulator

:
7805 Regulator



Keyboard

:
4*4 Matrix Keypad
    

           Monitor

:
LCD Display         


2.2 Software Specification

Front End

:
Visual Basic.NET

 

Back End

:
SQL Server 2003 

Designing Tool
:
MPLAB Integrated Development   



Environment Software   

Operating System
:
Windows 2000 professional or Windows XP   

ABOUT THE HARDWARE:
PIC (16F876) MICROCONTROLLER:

Microcontroller is a general purpose device, which integrates a number of the components of a microprocessor system on to single chip. It has inbuilt CPU, memory and peripherals to make it a minicomputer. A microcontroller combines on to the same microchip: 

· The CPU core

· Memory(both ROM and RAM)

· Some parallel digital i/o
The microcontroller that has been used for this project is PIC microcontroller. It is the first RISC based microcontroller fabricated in CMOS (Complimentary Metal Oxide Semiconductor) that uses separate bus for instruction and data allowing simultaneous access of program and data memory.  It consists of 28 pins for passing controls to the external devices. It has three ports for communication. Technology that is used in PIC16F876 is flash technology, so that data is retained even when the power is switched off. 
ARCHITECTURE OF PIC 16F876:



    The complete architecture of PIC 16F876 is shown in the below figure.
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PIN DIAGRAM OF PIC 16F876:
[image: image20.png]



TRANSISTOR

Transistor is mainly used restrict flow of current to one direction, that is current through them is unidirectional.
REGULATORS


Regulator is an electronic circuit that produces fixed amount of power supply.

OSCILLATOR


Oscillator is device that acts as a device clock. The device clock is required for the device to execute the instruction.

LCD Display

An LCD consists of two glass panels, with the liquid crystal material sand witched in between them. The inner surface of the glass plates are coated with transparent electrodes which define the character, symbols or patterns to be displayed, polymeric layers are present in between the electrodes and the liquid crystal, which makes the liquid crystal molecules to maintain a defined orientation angle.

The LCD’s are lightweight with only a few millimeters thickness. Since the LCD’s consume less power, they are compatible with low power electronic circuits, and can be powered for long durations. The LCD’s have long life and a wide operating temperature range.

FRONT-END TOOL: Visual Basic.Net
Microsoft released the .NET framework in February 2002. It’s biggest initiative since the launch of windows in 1991. .Net is a revolutionary Multilanguage platform that knits various aspects of application development together with the Internet. The framework covers all layers of software development above the operating system. 

Visual Basic.NET has been entirely rewritten to be fully object-oriented. In fact, everything in Visual Basic.NET can be treated as an object. 

· All new, easy-to-use, powerful Integrated Development Environment (IDE).
· Full set of controls.
· Response to mouse and keyboard action.
· Clipboard and  printer access
· Full array of mathematical, string handling and graphics functions.
· Powerful database access tools.
· Sequential file support
· Ability to develop both windows and internet applications using similar techniques.

BACK-END TOOL:  SQL Server 2003   
SQL Server 2000 is an RDBMS that uses Transact-SQL to send requests between a client computer and a SQL Server 2000 computer. An RDBMS includes databases, the database engine, and the applications that are necessary to manage the data and the components of the RDBMS. The RDBMS organizes data into related rows and columns within the database.

The RDBMS is responsible for enforcing the database structure, including the following tasks:

· Maintaining the relationships among data in the database 

· Ensuring that data is stored correctly and that the rules defining data relationships are not violated

· Recovering all data to a point of known consistency in case of system failures

· The database component of SQL Server 2000 is a Structured Query Language (SQL) compatible, scalable, relational database with integrated XML support for Internet applications. SQL Server 2000 builds upon the modern, extensible foundation of SQL Server 7.0.                                          

· Ease of Installation, Deployment, and Use

· Scalability

· Data Warehousing

· System Integration

ABOUT MPLAB 
         
         MPLAB is a windows-based integrated development environment (IDE) for the Microchip technology incorporated PIC micro controller families. MPLAB allows you to write, debug and optimize PIC micro applications for firmware product designs. MPLAB includes a text editor, simulator and project manager. MPLAB also supports the MPLAB-ICE and PICMASTER emulators, PICSTART plus and PROMATE II programmers and other microchip or third party development system tools.

MPLAB DEVELOPMENT TOOLS

  The MPLAB IDE integrates several tools to provide a complete                       development environment.
· MPLAB project manager
Use the project manager to create a project and work with the specific files related to the project. When using a project , source code is rebuilt and downloaded to the simulator or emulator with a single mouse click.
· MPLAB Editor 
Use the MPLAB editor to create and edit text files such as source  files, code and linkers script files.

· MPLAB-SIM SIMULATOR

     The software simulator models the instruction execution and  I/O of the PIC micro controllers(MCU).
· MPLAB-ICE EMULATOR 

The MPLAB-ICE emulator uses hardware to emulate PIC micros in real time, either with or without a target system.

· MPLAB-ICD Debugger
The MPLAB-ICD is a programmer for the PIC16F87X family as well an in-circuit debugger. It programs hex files into the PIC16F87X and offers basic debugging features like real-time code execution, stepping and break points.
· MPASM  Universal Assembler/MPLINK Relocate Linker/MPLIB Librarian

The MPASM assembler allows source code to be assembled without leaving MPLAB. MPLINK creates the final application by linking relocatable modules from MPASM and MPLAB-C17/C18.MPLIB manages custom libraries  for maximum code reuse.

· MPLAB-C17/C18 C Compilers

The MPLAB-C17/C18 C compilers provide ANSI-based high-level source code solutions for PIC17CXXX and PIC18CXXX devices respectively. Complex projects can use a combination of C and assembly source files to obtain the maximum benefits of speed and maintainability.

· PROMATE II and PICSTART plus programmers

Develop code with the simulator or an emulator, assemble or compile it, and then use one of these tools to program devices. This can all be accomplished with MPLAB. Although PROMATE II does not require MPLAB to operate, programming is easier using MPLAB.
· PICMASTER and PICMASTER-CE Emulators

The PICMASTER emulator uses hardware to emulate PICmicros in real time, either with or without a target system. A CE compliant version is available for European Union (EU) countries. MPLAB-ICE is the newest emulator from Microchip.

· Third party Tools

Many other companies have development tools for Microchip products that work with MPLAB. Consult the microchip Third party Guide (DS00104).

3. SYSTEM STUDY AND ANALYSIS
3.1 Existing System

 
In the existing system, a computer was placed in each and every department of the company. With this system, it will be very expensive for small scale industries to have a computer in each department.
3.2 Proposed System

In order to replace the expensive PC network of the company, this microcontroller based low cost network is proposed to develop.

The PIC16F876 Microcontroller is used to construct this project. A node (with PIC microcontroller, a keypad, and a LCD) is placed in each and every department instead of a computer. So to develop this project, a PC (server) and the node (in each department) are required. To maintain the details of each department, a computer is used and is placed in the stock room. In order to enter the details that are to be send to the server, a key pad is provided. A two line Liquid Crystal Display (LCD) is interfaced with the microcontroller to show the details entered in each and every department. The LCD display is of 16 characters length.

The details entered in each and every department using keypad is sent to the server through the microcontroller and stored in the database. For this purpose the computer and the microcontrollers are connected serially through an IC Max232 interface.

Each department has its own department ID for the computer to recognize from which department the information has been sent. Information can also be sent from the PC to all the departments.

3.3 Need for the Proposed System


In this project, the expensive PC network of the company has been replaced by the microcontroller based low cost network.  
The need for the proposed system is: 

· To reduce the manual work load.

· As the microcontroller is inexpensive, the cost to maintain and monitor each department in a company is very low.

· The reliability for the users is very high.

· A lot of time can be saved.

· Since microcontrollers are smaller in size, less space is occupied.

4. SYSTEM DESIGN

4.1 Design Methodology

Modules:
· Hardware Circuit Design and PCB Designing

· Designing and Programming for keypad

· Programming for Display Interface

· Programming for Node Communication

· Programming of Server PC Interface

· Creation and maintenance of Database

· Report Generation 
Module Description
· HARDWARE CIRCUIT DESIGN AND PCB DESIGNING

The hardware circuit for the microcontroller, Keypad, LCD and other parts are constructed. Then the equivalent Printed Circuit Board (PCB) is designed. The designed codes are written in a chip which is integrated in PCB.

· DESIGNING AND PROGRAMMING FOR KEYPAD

Each node of the network has a 4*4 matrix keypad. Through   this, the corresponding department can enter the details of the product. The keypad is programmed using C language. For each key press, appropriate action will be performed. The keypad is interfaced with the Port C of the microcontroller and the entered information is sent to the server through the microcontroller.
· PROGRAMMING FOR DISPLAY INTERFACE
A 16 character per line, 2 line Liquid Crystal Display unit is used to display the entries in each and every department. The LCD is interfaced with the Port B of the microcontroller. Parallel Port programming in C language is used to interface the LCD with the microcontroller. 
· PROGRAMMING FOR NODE COMMUNICATION
The Universal Synchronous Asynchronous Receiver Transmitter (USART) which is an in built peripheral of the microcontroller is used to implement the inter communication between the node and server of the network. The USART is configured as a full duplex asynchronous system that can communicate with PC.
· PROGRAMMING OF SERVER PC INTERFACE
The serial port programming for node interface with front end designing is developed by using VB.NET and SQL Server is used as back end to continuously store the data in to database. Using MSCOM control 6.0, the information is transformed to the server from each node and vice versa. The server receives and processes the details entered in every department and stores in the database. 
The forms have been designed to display the messages which are received from the PIC and to get the inputs from the user. The forms are used to manipulate the data in the database. 

· CREATION AND MAINTENANCE OF DATABASE
MS SQL Server is used to maintain the details of the company like production, packing, delivery and stock details. The server is the whole response for all the updating entries of the nodes in the network. 
· REPORT GENERATION

                   In this project, three reports are generated 

· Purchase Report

· Sales Report

· Stock Availability Report

Purchase Report

Purchase Report is generated to know the number of the products that have been purchased.

Sales Report


Sales Report generates the information about the number of products that have been sold.

Stock Availability Report

                In Stock Availability Report, the user can know the stock available for each product. 

4.2 Input Design

Inaccurate input data are the most common cause of errors in data 
processing. Errors found at the data entry can be controlled by proper input design. The input validations are performed at field level. The following are some constraints used in input design.
· Specifying maximum length for each field.

· Specifying format for the data field.

· Specifying the field sequence.

· Listing the values, where necessary.
4.3 Output Design

The output is the important and direct source of the information to 
the user. Efficient output design should improve the system’s relationship with the user and help in decision making. The output from the system is either by screen or by hard copied. The standard for printing the output suggests the following:

· Specifying the title for each output.

· Specifying the format for numeric and alphabets that are to be printed.

· Specifying the position of each field in the output.

· Specifying the selection condition in the page footer.

4.4 Database Design

The most important aspect of building an application package is 

Database design. The major steps in the database design are:
· Identifying the data that is needed for each table and their relationship.

· Normalize the relationship.

· Verify the design.

· Implement the design.

If the database is completely normalized then the whole system 

becomes slow because of various links. A compromise is done in certain aspects to increase the response time. Hence some minimum amount of redundancy was allowed.
5. TESTING AND IMPLEMENTATION

5.1 System Testing

Software testing is a critical element of software quality assurance and represents ultimate review of specification, design and coding.

Testing indicates the futility of attempting to detect all error through testing alone. It is the process of executing test cases with the interest of exposing errors.   The increasing availability of the software as a system element and the attendant costs associated with a software failure are motivating forces for well planned through testing.

The following are the objectives in testing,

· Testing is the process of executing the program with the intent of finding an error.

· A good test case is one that has a high probability of finding an as yet undiscovered error.

· A successful test is one that uncovers an as yet undiscovered error.

5.2 Testing Methodologies

The different types of testing are

· Unit Testing

· Integration Testing

· Validation Testing
Unit testing

Unit Test comprises the set of tests performed by an individual programmer prior to the integration of the unit into a larger system. The program unit in software is small enough for the programmer who developed it can test it in great detail. Here there are number of separate units such as purchase details, sales details, stock availability details, etc.

Unit testing focuses verification efforts even in the smallest unit of software design in each module. This is also known as “Module Testing”. 

The modules of the system are tested separately. This testing is carried out in the programming style itself. In this testing each module is focused to work satisfactorily as regard to expected output from the module. There are some validation checks for the fields. 


The unit test is always a white box test and the step can be conducted in parallel for multiple modules. Test cases should be designed to uncover errors in the following categories.

· Improper or inconsistent typing.

· Erroneous initialization or default values.

· Incorrect variable names.

· Inconsistent data types.
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 Each and every form and table were tested whether they are having actual data or not. Each logical condition is checked for both true and false values and all data types and data structures are checked whether they were accepted correct data or not. So many errors were encountered while unit testing of this project was conducted. All the problems were solved. The problems like inconvenient data in tables and forms were encountered and corrected.
Integration testing


Integration testing is a systematic technique for constructing the program structure while at the same time conducting tests to uncover errors associated with interfacing. Data can be lost across an interface, one module can have an adverse effect on the other sub-functions, when combined may not produce the desired functions. Integrated testing is the systematic testing to uncover the errors within the interface. This testing is done with simple data and the developed system has run successfully with this simple data. The need for integrated system is to find the overall system performance. 


Integration testing addresses the issues associated with the dual problems of verification and program construction. After the software has been integrated a set of high-level tests can be conducted.

Validation testing

At the culmination of the black box testing, software is completely assembled as a package. Interfacing errors have been uncovered and final series of test, i.e., validation test begins. Validation test is defined with a simple definition that validation succeeds when the software functions in a manner that can be reasonably accepted by the user. The forms in this project need to validate.  The user should not leave any input area as blank and it cannot be allowed to enter improper data.
5.3 System Implementation

        
Implementation is the stage in the project where the theoretical design is turned into a working system and is giving confidence on the new system for the users that it will work efficiently and effectively. It involves careful planning, investigation of the current system and its constraints on implementation. Apart from planning major task of preparing the implementation are education and training of users. 

Implementation is the final and important phase. The most critical stage in achieving a successful new system and in giving the confidence to the user that the new system will work and be effective. The system can implemented only after thorough testing is done and if it found to working according to the specification.

The major elements of implementation plan are test plan, training plan, and equipment installation plan. 

Implementation of microcontroller network instead of expensive PC network has been done in this project i.e., placing a node (consisting of microcontroller, a keypad, and a LCD) in each department instead of a computer.

6. CONCLUSION

In this Project, the expensive PC network of the company can be replaced by the microcontroller based low cost network.

With this system, the cost to maintain and monitor each department in a company is very low, the reliability for the users is very high, the work load is reduced, and a lot of time can be saved.  The reports produced by the system are found satisfactory and approved by the company.  The system has the flexibility of accommodating new changes in an easy way.  So its growth is incremental.

7. SCOPE FOR FURTHER DEVELOPMENT

        In future, a microcontroller can be used as a server instead of a PC. Here, the entire microcontroller in various departments will be connected to the main microcontroller (server). So this will be fully based on microcontroller. This project is a multi-user environment. By 2010, this microcontroller based low cost network will be implemented by many companies and industries. Even if the expansions of the departments take place, this system could be easily established.  
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9. APPENDIX
A. Data flow Diagram
Receiving the data and updating the data
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Sending the data from PC to Microcontroller
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B. System flow Diagram
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C. Table Design
Table name: STOCK

Contains stock details

	Field Name
	Data type

	Product_id
	Int(3)

	Product_name
	Varchar(15)

	P_quantity
	Int(3)


Table name: PUECHASE

Contains number of products purchased

	Field Name
	Data type

	Product_id
	Int(3)

	Product_name
	Varchar(15)

	P_quantity
	Int(3)


Table name: SALES

Contains number of products sold

	Field Name
	Data type

	Product_id
	Int(3)

	Product_name
	Varchar(15)

	P_quantity
	Int(3)
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INFORMATION SENT FROM PURCHASE DEPARTMENT
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PURCHASE REPORT
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STOCK AVAILABILITY REPORT
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PCB DESIGN

PROTEL DESIGN SYSTEM
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POWER SUPPLY
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MICRO CONTROLLER
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MAX232
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