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SYNOPSIS



The primary objective of the project entitled “Implementation of Modbus Protocol” is to implement the Modbus Protocol for the communication between the controllers. The controllers have to communicate on standard networks using the Modbus transmission modes and Modbus message format. A standard error checking mechanisms like CRC (Cyclic Redundancy Check) and LRC (Longitudinal Redundancy Check) has to be implemented in order to make the communication error free.



The aim of the project is to develop a  real time distributed control system that can be implemented in automobiles for real time control applications. The core idea behind a distributed control system in automobiles is to localise the  different control activities to that place  where it is applied and synchronise the activities with the help of a master controller thus meeting real time dead lines.The controllers will be connected to the serial ports of the master controller and communications between the controllers are made possible (routing, error handling etc) by modbus protocol handled by RTOS. 



Real-time and embedded systems operate in constrained environments in which computer memory and processing power are limited. They often need to provide their services within strict time deadlines to their users and to the surrounding world. The memory, speed and timing constraints dictate the use of real-time operating systems in embedded software. This project makes extensive usage of  RTOS – 32. The "kernel" part of a real time operating system provides the most basic services to application software running on a processor.
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1. INTRODUCTION

                     The project involves the analysis, design and implementation of modbus protocol. The platform used for this project is RTOS-32. This project is aimed at developing software for multiple target communication.

                   The primary objective of the project is to develop a  real time distributed control system that can be implemented in automobiles for real time control applications. A car has got several control activities going on in it while running. This system localize the different control activities in the automobile to that place itself where it is applied and synchronies the activities with the help of a master controller thus meeting real time dead lines.
1.1   Organization Profile

                     OCL Infomatics Ltd. is one of the largest information technology companies in the state of  Kerala, with its headquarters at Cochin. Incorporated in 1994, it is a subsidiary of FCI, OEN Connectors Ld.. FCI OEN Connectors Ltd.  Itself   is   a subsidiary   of   the   French   multinational Framatone Connectors International (FCI) and is India’s prime manufacturer and major exporter of professional grade connectors, with national awards to its credit; FCI is now part of the 9 billion dollar AREVA group.     

                        OCL Infomatics Ltd. is a leading provider of IT services, offering specialized solutions and resources to meet the evolving needs of business. The clients include Fortune 1000 companies, government agencies and other organizations requiring the strategic applications of IT. The OCL portfolio includes services ranging from project support to complete project management of enterprise solutions. With a strong emphasis on systems integration, networking and E-business solutions. Their primary distinctions include:

· A focus on solving specific business needs.

· Detailed project proposals, defining solutions and a plan of action.

· A solid project management methodology based on proven success 

factors for fast and effective results.

· Highly qualified consultants, combining business and IT expertise.

                     They provide top class service in some other areas also such   as   customized   ERP implementation and support, Embedded systems development and research System Level Solutions in any platform, Software Consultancy web enabling of existing applications and other IT enabled services.

OCL’s core values include:

· Belief in people -

OCL believes that its true strength lies in the potential of its employees.

· Customer orientation -

The singular focus of every employee, and of every circle, is the customer.

· Pursuit of excellence -

The final and absolute worth of any activity, any product, is its intrinsic value.

· Highly qualified and experienced IT professionals -

The standards of OCL consultants begin with superior technological expertise.

· A wide range of specialized IT services -

OCL consultants offer specialized services, covering virtually every IT need across numerous industries.

· Commitment to long-term client relationships and ultimate customer satisfaction -

OCL consultants of the extra mile to meet the client needs.

· Clear answers, quick results and superior solutions -

OCL provides fast, effective solutions result from a clear plan of action.

2.   SYSTEM CONFIGURATION

2.1  Hardware Specification
The hardware involved in this system is

· Host Machine

· Target Machine

· RS –232 Standard interface

Host Machine :

The host machine is used for developing the software application using C and RTOS-32. This machine should have
 Pentium II processor or equivalent with 32-bit Windows, RTOS-32 tools and one or more of the supported compilers installed.

Target Machine :

The target machine is used to run the application built in the host machine. This machine should have Intel 386 compatible or higher CPU 32MB RAM.

RS-232C Serial Standard :



RS-232 is a serial interface standard and likely the most popular interface standard for serial communication. RS-232 is used to connect computers directly to computers and to connect non-modem devices directly to computers. On PC Computers, RS-232 connectors are the COM ports which are either 9-pin or 25-pin connectors (DB-9 and DB-25 Connectors).

2.2 SOFTWARE SPECIFICATION

· Operating system :    RTOS 32

· Programming 
· Language :    C

About RTOS – 32 :
On Time RTOS-32 offers a complete solution for high performance embedded systems using x86 compatible CPUs. The various components of On Time RTOS-32 are RTTarget-32, RTKernel-32, RTFiles-32, and RTIP-32.

RTTarget-32 is the foundation of On Time RTOS-32. It includes all development tools required to run 32-bit applications on an embedded system. It supplies boot code to initialize the target’s hardware and to subsequently invoke the application automatically.

RTKernel-32 is a real-time multitasking kernel for RTTarget-32. It is a high-performance real-time scheduler supplied as a set of linkable libraries which can extend the functionality available to RTTarget-32 programs.

RTFiles-32 is the file I/O component of On Time RTOS-32. It provides its functionality through the Win32 API emulation of RTTarget-32, too. Therefore, all file I/O related functions of the C/C++ or Pascal run-time system can be used.

RTIP-32 is an add-on to provide networking capabilities for On Time RTOS 32.

For applications requiring several simultaneous connections, RTKernel-32 is recommended. RTKernel-32 is a powerful real-time multitasking system. It was designed for software developers who wish to implement professional process control applications on 32-bit embedded systems. Every effort has been made to ensure easy usage and excellent run-time performance. RTKernel-32 is compact (about 16k of code, 6k of data) and provides the programmer with the basic tools needed to develop efficient real-time software. RTKernel-32 is a library you can link to your application program.

The main features of RTKernel-32:

• Unlimited number of tasks

RTKernel-32 can handle as many tasks as will fit into the computer’s available memory. One thread requires about 1k.

• Task switch time remains constant for any number of tasks

RTKernel-32’s performance is independent of the number of tasks activated.

• 64 priorities

The behavior of programs may be fine-tuned precisely using different priorities.

• Cooperative and preemptive scheduling

With preemptive scheduling, task switches can take place at practically all times. Tasks can be activated directly out of interrupt handlers. Preemptions can be enabled or disabled.

• Support of math coprocessor / emulator 

If a math coprocessor is installed, it can be utilized by any number of tasks. Its

 registers can be preserved by RTKernel-32 during task switches. 80387 software emulators are also supported.
• Interrupt support

Using RTKernel-32, it is possible to exchange data with other tasks and to suspend or activate tasks out of interrupt handlers. The interrupt priorities of the interrupt controller can be re-programmed to achieve the best possible interrupt response times.

• Semaphores

Semaphores can be used to exchange signals between tasks. RTKernel-32 supports counting, binary, event, resource, and mutex semaphores. Semaphores may also be used by interrupt handlers.

• Mailboxes

Mailboxes can be used to exchange data between tasks. Mailboxes may also be used by interrupt handlers (e.g., for data buffering).

• Message passing

Message passing can be used to exchange data between tasks directly. This synchronizes the tasks involved.

• Real-Time Memory Management

RTKernel-32’s Memory Pools allow memory allocation and deallocation within guaranteed time limits and can even be used by interrupt handlers.

• Portability

RTKernel-32 is completely written in ANSI C; only some hardware or CPU dependent drivers contain assembler code. Since the portable kernel, which is written completely in ANSI C, has been implemented separately from hardware or systems dependent drivers, RTKernel-32 can easily be ported to other environments.

About C  :



C is a robust language whose rich set of built in functions and operators can be used to write any complex program. The C compiler combines the features of an assembly language with the features of an high level language and therefore it is well suited for writing both system software and business packages. Programs written in C are fast and efficient. This is due to its variety of data types and powerful operators. Language is well suited for structured programming, thus requiring the user to think of a problem in terms of function modules or blocks. Another important feature of C is itself ability to extend itself.

   3.  SYSTEM STUDY AND ANALYSIS



System analysis is the process of gathering and interpreting facts, diagnosing problem and using the information to improve the system. Analysis specifies what the system must do. The system analyst does this job. The foremost job of the system analyst is to know how the current system works. Only after collecting these facts, he can begin to determine how and where the new system can benefit all its users. This accumulation of information, called system study, must precede all other analysis, activities. System analysts do more than just solve current problem[1]. They are frequently called to help handle the planned expansion of the business. Analyst may recommend alternatives for improving the situation. Usually more than one strategy is taken. The best strategy is adopted. Once this is done a plan is developed to implement the recommendation.

3.1  Existing System



                 An automobile has got several control activities going on in it while running, like the steering control, break system, air conditioner etc. Each of these actions has to be properly monitored and controlled for the smooth functioning of the system. A single intelligent unit for monitoring all the control actions won't meet the purpose since it requires huge amounts of computational power. Even if we have a unit that can meet the computational power required, the delays between one task to another will make real time control impossible.

Drawbacks Of Existing System:

1. Delay between two tasks is high.

2. Huge amount of computational power is required.

3. Risk involved is high.

3.2  Proposed System:

                             The core idea behind a distributed control system in automobiles is to localise the  different control activities to that place itself where it is applied and synchronise the activities with the help of a master controller thus meeting real time dead lines.Thus using Modbus Protocol,the various functions of the car is being monitered and controlled by separate microcontroller present in a car.

There is a master controller (RTOS Machine) synchronizing the controller activities, avoiding errors, and aiding real time control. The slave machines will be connected to the serial ports of the RTOS Machine. MODBUS Protocol handled by the RTOS makes the communication between the master and the slave’s possible. This protocol defines a message structure that controllers will recognize and use. It describes the process a controller uses to request access to another device, how it will respond to requests from the other devices, and how errors will be detected and reported.

  Advantages Of Proposed System:

1. Risk involved is minimal.

2. Little computational power is required.

3. There is no delay between two tasks.

4. Synchronization between various slaves is possible within a specified time limit. 

5. High efficiency.

3.3  Feasibility Study



Feaibility study is a sytem proposal according to its work ability, impact on the operation, ability to meet user needs and efficient use of resources. An important outcome of the preliminary investigation is the determination that the sytem requested is feasible.Three key considerations are involved in the feasibility analysis :

· Technical

· Operational

· Economic

Technical Feasbility



Technical feasibility deals with hardware as well as software requirements. In the feasiblity study the scoe was whether the work for the project is done with current equipment, existing software technology. The outcome of this study was positive. It was found that all the software and hardware specification were available.

Operational Feasibility



The purpose of the operational feasibility study was to determine whether the new system would be used if it is developed and implemented? Will there be resistance from users that will undetermined the possible application benefits?  From the output of the meeting that was held with the system users it was found that all of them supported the development of the new system. This positive response from them encouraged as in the development of the new sytem.

Economic feasibility



Economical analysis is the most frequently used method for evaluating the effectivenes  of the software , more commonly known as Cost/Benefit analysis. The procedure is to determine the benefits and savings that are expected from a candidate system and compare with costs. If the benefits outweigh cost, the decision is made to design and implement the sytem otherwise further alternatives will have to be made. This project aims at reducing time, effort and cost. This project is cost effective because of its accuracy and faster.

 4.  SYSTEM  DESIGN



It is the phase in which the detailed design of the system slected in the study phase is accomplished. The design is concernd with identifying software components, specifying relationship mong components, general modular structure of the software, the function provided by each module and the internel data streams and stores that make up the interface between modules.



Without design there is always a risk of building an unstable system that may affect implementation changes, test efficiency and quality of the system.As in the case of any systematic approach, this project too has undergone the best possible design phase fine-tning al efficiency, performance and accuracy levels. The inputs to the design are software requirement and the output will be the design specification applicable to all software design[2].

4.1  Input Design



Input design is a part of the overall system design, which requires very careful attention.The main objectives of the input design are:

· To produce a cost effective method of input.

· To achieve the highest level of accuracy.

· To ensure that the input is acceptable to the system.

The activities to be carried out as a part of the overall input process are as follows:

· Data Verification

· Data Transmission

· Data Validation

A careful stage of input stages, after the input medium has been chosen involves attention to error handling, batching and validation procedures.



In the proposed system input is given through either the keyboard or the port. Usually embedded systems do not have a keyboard, screen, disk drive and other common peripherals[5]. In such cases input is given through the ports. We give the message to be transmitted and the destination of the message. Input is restricted to all numerals and alphabets since this is primarily intended for data communication between controllers. A serial keyboard can be used for this purpose.

In the car application, four controllers receive different data as input. The input data include :

· AC Controller takes temperature inside the car as input.

· Engine speed, load, coolant temperature and oxygen level are the input to the Controller for Fuel Injection. 

· Controller for Air bag mechanism reads the speed at which crash occurs and the weight/pressure on the passenger seat.

· Controller for Anti skid breaking mechanism reads rpm (rotation per minute) value of the left and right wheels of the car.

4.2  Output Design



Outputs from the computer systems are required primarily to communicate the results of processing to users. They are also used to provide a permanent copy of these results for later consultations. The approach to output 

Design is very dependent on the type of the output and the nature of the data, but Special attention has to be paid editing and totaling of output data. Once the output medium has been chosen, detailed specification of the output document can be carried out.

The main objectives of the output specification are:

· To interpret and communicate the results of the computer part of a system to users which they can understand and meet their requirements.

· To communicate the output design specification to programmers in a way that is unambiguous, comprehensive and capable of being translated into a programming language.

          Usually, embedded systems do not have a CRT screen. It has only

Small LED or LCD displays. Since the proposed system is a real time software for embedded system there may be no human interface. The result of the function performed can be displayed on LED. The target machine may have output screens to display the received data. 

4.3  Code Design

                    In the proposed system there is a master controller that controls all its slave controllers, thus controlling the car. This master controller continuously monitors its slaves. MODBUS Protocol handled by the RTOS makes the communication between the master and the slaves possible.
.

This protocol defines a message structure that controllers will recognize and use, regardless of the type of networks over which they communicate. It describes the process a controller uses to request access to another device, how it will respond to requests from the other devices, and how errors will be detected and reported. It establishes a common format for the layout and contents of message fields.

Transactions Between Controllers

          Controllers communicate using a master–slave technique, in which only one device (the master) can initiate transactions (called ‘queries’). The other devices (the slaves) respond by supplying the requested data to the master, or by taking the action requested in the query. Only one master (at the same time) is connected to the bus, and one or several (247 maximum number) slave’s nodes are also connected to the same serial bus. The master always initiates a MODBUS communication. The slave nodes will never transmit data without receiving a request from the master node. The slave nodes will never communicate with each other. The master node initiates only one MODBUS transaction at the same time. Refer Appendix.

The master node issues a MODBUS request to the slave nodes in two modes:

          In unicast mode, the master addresses an individual slave. After receiving and processing the request, the slave returns a message (a 'reply') to the master. Each slave must have an unique address (from 1 to 247) so that it can be addressed independently from other nodes.

 

In broadcast mode, the master can send a request to all slaves. No response is returned to broadcast requests sent by the master. The address 0 is reserved to identify a broadcast exchange.
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Master–Slave Query–Response Cycle

The Query:  The function code in the query tells the addressed slave device what kind of action to perform. The data bytes contain any additional information that the slave will need to perform the function. The error check field provides a method for the slave to validate the integrity of the message contents.

The Response: If the slave makes a normal response, the function code in the response is an echo of the function code in the query. The data bytes contain the data collected by the slave, such as register values or status. If an error occurs, the function code is modified to indicate that the response is an error response, and the data bytes contain a code that describes the error. The error check field allows the master to confirm that the message contents are valid.

Serial Transmission Modes

                             Controllers can be setup to communicate on standard Modbus networks using either of two transmission modes: ASCII or RTU. Users select the desired mode, along with the serial port communication parameters (baud rate, parity mode, etc), during configuration of each controller. The mode and serial parameters must be the same for all devices on a Modbus network .

                            It defines the bit contents of message fields transmitted serially on those networks. It determines how information will be packed into the message fields and decoded.

ASCII Mode

                    When controllers are setup to communicate on a Modbus network using ASCII (American Standard Code for Information Interchange) mode, each 8–bit byte in a message is sent as two ASCII characters. The main advantage of this mode  is that it allows time intervals of up to one second to occur  between characters without causing an error. Refer Appendix.

The format for each byte in ASCII mode is:

Coding System: Hexadecimal, ASCII characters 0–9, A–F     



       One hexadecimal character contained in each                                                       



       ASCII character of the message

Bits per Byte: 1 start bit

7 data bits, least significant bit sent first                                                 1 bit for even/odd parity; no bit for no parity

                         1 stop bit if parity is used; 2 bits if no parity

Error Check Field: Longitudinal Redundancy Check (LRC)

ASCII Message Framing

                    A MODBUS message is placed by the transmitting device into a frame that has a known beginning and ending point. This allows devices that receive a new frame to begin at the start of the message, and to know when the message is completed. Partial messages must be detected and errors must be set as a result. The address field of a message frame contains two characters.

                    In ASCII mode, a message is delimited by specific characters as 

Start-of-frames and End-of-frames. A message must start with a ‘colon’ ( : )  character (ASCII 3A hex), and end with a ‘carriage return – line feed’ (CRLF) pair (ASCII 0D and 0A hex).

                    The allowable characters transmitted for all other fields are hexadecimal 0–9, A–F (ASCII coded). The devices monitor the bus continuously for the ‘colon’ character. When this character is received, each device decodes the next character until it detects the End-Of-Frame.

A typical message frame is shown below :
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ASCII message frame
How the Address Field is Handled

                     The address field of a message frame contains two characters . Valid slave device addresses are in the range of 0 – 247 decimal. The individual slave devices are assigned addresses in the range of 1 – 247. A master addresses a slave by placing the slave address in the address field of the message. When the slave sends its response, it places its own address in this address field of the response to let the master know which slave is responding. Address 0 is used for the broadcast address, which all slave devices recognize. 

How the Function Field is Handled

                     The function code field of a message frame contains two characters. Valid codes are in the range of 1 – 255 decimal.                          When a message is sent from a master to a slave device the function code  field tells the slave what kind of action to perform. When the slave responds to the master, it uses the function code field to indicate either a normal (error–free) response or that some kind of error occurred (called an exception response). For a normal response, the slave simply echoes the original function code. For an exception response, the slave returns a code that is equivalent to the original function code with its most–significant bit set to a logic 1.

Contents of the Data Field
                     The data field is constructed using sets of two hexadecimal digits, in the range of 00 to FF hexadecimal. These can be made from a pair of ASCII characters. The data field of messages sent from a master to slave devices contains additional information which the slave must use to take the action defined by the function code. This can include items like discrete and register addresses, the quantity of items to be handled, and the count of actual data bytes in the field. If no error occurs, the data field of a response from a slave to a master contains the data requested. If an error occurs, the field contains an exception code that the master application can use to determine the next action to be taken. The data field can be nonexistent (of zero length) in certain kinds of messages. The function code alone specifies the action. 

Contents of the Error Checking Field                                  
                     When ASCII mode is used for character framing, the error checking field contains two ASCII characters. The error check characters are the result of a Longitudinal Redundancy Check (LRC) calculation that is performed on the message contents, exclusive of the beginning ‘colon’ and terminating characters.The LRC characters are appended to the message as the last field preceding the CRLF characters.
          The LRC field is one byte, containing an 8–bit binary value. The LRC value is calculated by the transmitting device, which appends the LRC to the message. The receiving device calculates an LRC during receipt of the message, and compares the calculated value to the actual value it received in the LRC field. If the two values are not equal, an error results.

                     The LRC is calculated by adding together successive 8–bit bytes of the message, discarding any carries, and then two’s complementing the result. It is performed on the ASCII message field contents excluding the ‘colon’ character that begins the message, and excluding the CRLF pair at the end of the message. 

            5.   SYSTEM DEVELOPMENT

               System development is the phase in which the computer related business information system is developed to confirm to the requirements prepared in the design phase. A principal activity of the development phase is coding and testing the computer programs that make up the computer program component of the overall system.

                    The project titled ‘Implementation Of Modbus Protocol’ is developed to communicate between different controllers. Using this protocol  different activities of a car is controlled. Car has several different activities to be  monitored and controlled while it is running. The Developed system localizes the different control activities to that place itself where it is applied and synchronies the activities with the help of a master controller thus meeting real time dead lines.

This system controls the following activities :

· Air Conditioning

· Fuel Injection

· Airbag Mechanism

· Anti Skid Breaking Mechanism
Air Conditioning

                     When the temperature outside begins to climb, many people seek the cool comfort of indoor air conditioning. This is the same inside a car. Not only do we depend on our cars to get us where we want to go, we also depend on them to get us there without discomfort. We expect the heater to keep us warm when its cold outside, and the air conditioning system to keep us cool when it’s hot.

                     The job of air conditioning is really to remove the heat that makes us uncomfortable, and returns the air to the car’s interior in an un-heated condition. Air conditioning or cooling is a process of removing heat from an object.

                    In the proposed system the Master Controller continuously monitors the AC controller. AC Controller reads the temperature inside the car and sends it to the master. Master compares this temperature with the normal temperature. If the temperature is above the normal temperature then, the Master will send a signal to the ac controller saying to decrease the temperature by switching on the AC and vice versa.

                    Thus as the temperature inside the car exceeds the normal temperature the air conditioner inside the car should get switched on automatically. Similarly, if the temperature goes too low the air conditioner should get switched off. 
                      
                     Air conditioning makes driving much more comfortable in hot weather. The car’s air conditioner cleans and dehumidifies the outside air entering the car. It also has the task of  keeping the air at the temperature we want.
Fuel Injection

                      A fuel injector is nothing but an electronically controlled valve. It is supplied with pressurized fuel by the fuel pump in your car, and it is capable of opening and closing many times per second. When the injector is energized, an electromagnet moves a plunger that opens the valve, allowing the pressurized fuel to squirt out through a tiny nozzle. The nozzle is designed to atomize the fuel -- to make as fine a mist as possible so that it can burn easily.                            

The amount of fuel supplied to the engine is determined by the amount of time the fuel injector stays open. This is called the pulse width, and it is controlled by the ECU(Engine Control Unit). 

                     In order to provide the right amount of fuel, the engine control unit is equipped with a whole lot of sensors. 

Engine Sensors :

                     In order to provide the correct amount of fuel for every operating 

condition, the engine control unit (ECU) has to monitor a huge number of input sensors[9]. 

Here are just a few: 

Engine speed sensor - Monitors engine speed, which is one of the factors used to  calculate the pulse width

Mass airflow sensor - Tells the ECU the mass of air entering the engine .

Oxygen sensor(s) - Monitors the amount of oxygen in the exhaust so the ECU can determine how rich or lean the fuel mixture is and make adjustments                                  accordingly .

Throttle position sensor - Monitors the throttle valve position (which determines how much air goes into the engine) so the ECU can respond quickly to changes, increasing or decreasing the fuel rate as necessary .

Coolant temperature sensor - Allows the ECU to determine when the engine has reached its proper operating temperature .

Voltage sensor - Monitors the system voltage in the car so the ECU can raise the idle speed if voltage is dropping (which would indicate a high electrical                              load) .

Manifold absolute pressure sensor – Monitors the pressure of the air in the intake Manifold. The amount of air being drawn into the engine is a good indication of how much power it is producing; and the more air that goes into the engine, the lower the manifold pressure, so this reading is used to gauge how much power is being produced. 
          The algorithms that control the engine are quite complicated. The software has to allow the car to satisfy emissions requirements for 100,000 miles, meet EPA fuel economy requirements and protect engines against abuse. And there are dozens of other requirements to meet as well. 

                     The engine control unit uses a formula and a large number of lookup tables to determine the pulse width for given operating conditions. The equation will be a series of many factors multiplied by each other. Many of these factors will come from lookup tables.

Calculation of the fuel injector pulse width.

Pulse width = (Base pulse width) x (Factor A) x (Factor B)



In the proposed system Fuel injection controller senses the engine speed(RPM), load, coolant temperature and oxygen level of the car. Send these values to the master controller to calculate the Base Pulse Width, Factor A, and Factor B using look-up table.
         Base pulse width is a function of engine speed (RPM) and load (which can be calculated from manifold absolute pressure).

	RPM
	LOAD

	
	1
	2
	3
	4
	5

	1000
	1
	2
	3
	4
	5

	2000
	2
	4
	6
	8
	10

	3000
	3
	6
	9
	12
	15

	4000
	4
	8
	12
	16
	20


         A and B are parameters that come from sensors. Let's say that A is coolant temperature and B is oxygen level. The Look-up table for the factor A and factor B are

	A
	Factor A
	B
	Factor B

	0
	1.2
	0
	1.0

	25
	1.1
	1
	1.0

	50
	1.0
	2
	1.0

	75
	0.9
	3
	1.0

	100
	0.8
	4
	0.75


                    These values from the look-up table is send to the Fuel injection Controller for calculating the Pulse Width using the above formula.Thus for how much time the fuel injector should remain open is calculated .

                     The injectors are mounted in the intake manifold so that they spray fuel directly at the intake valves. A pipe called the fuel rail supplies pressurized fuel to all of the injectors. 
Advantages in installing fuel injector are:

a) Improved Drivability.

b) Improved Reliability.

c)  Ease of Diagnostics/Service.

 Add new life to an older car.

Air Bag Mechanism

                     Air bags (Abs) may be perceived by the public and physicians as protection for thoracoabdominal injuries. The driver's airbag unit consists of an airbag, and a gas generator. The unit is mounted in the steering wheel hub, concealed beneath a fabric covering. Identification can usually made by the visual telltale bulky appearance, embossed seams and letters such as SRS or Airbag embossed on the covering. Normally not visible, the gas generator will be mounted behind the airbag. The generator is a metal canister filled with sodium azide (solid rocket propellant).

                    When a car is involved in a crash severe enough to activate the sensing unit(s), an electrical charge is routed to the gas generator which ignites the fuel. The fuel then creates a tremendous amount of inert gas filling the airbag. The total elapsed time from contact to full deployment of the airbag will vary, but should deploy within 0.03 seconds. At this time, vehicles equipped with pretensioners will also take up the slack in the seat belt system. This will prevent the passengers from having full contact with the deployed airbag. The pretensioners will not deploy from a side impact, or during a roll over situation[9].

Working of an air bag:

                    When a frontal, near-frontal, side-impact crash occurs at speeds comparable to a 10 to 14 mile per hour during a frontal crash into a solid object, vehicle crash sensors trigger a chemical reaction inside the air bag module, and this causes the air bag (which is folded and packed like a parachute inside the steering wheel, dashboard, or seat side panel) to inflate. The rapidly inflating bag splits open the cover on the steering wheel, dashboard, seat or side panel, and fully inflates to help protect the driver and passenger(s). This entire inflation sequence takes place in less than 1/10 of a second. Less than one second after inflation, the air bag begins to deflate automatically. 

                    The front passenger airbag may ignite at the same time as the driver side airbag. The new SMART airbags will analyze the weight/pressure applied on the passenger seat. In the case of a passenger under forty pounds (such as a child) the airbag may not deploy. Smart airbag sensors in the seat will signal the airbag controller when the required pressure is applied and arm the airbag for deployment.  



In the proposed system  the Master Controller always monitors the Air Bag Controller. When a frontal, near frontal, side impact crash occurs, the Air  bag Controller, senses the speed at which the crash  has  occurred  and   sends  signal  to  the master  controller. The Master  Controller checks whether the crash speed exceeds 10 to 40 miles/hour, then it invokes the Air bag Controller, to read the pressure/weight on the passenger seat. If the passenger's weight is greater than 40 pounds, the air bag mechanism is invoked making the air bag deployed, in those seats where there is passenger, within a fraction of a second. Otherwise airbag is not deployed.                                      
                    What an air bag wants to do is to slow the passenger's speed to zero with little or no damage. The constraints that it has to work within are huge. The air bag has the space between the passenger and the steering wheel or dash board and a fraction of a second to work with. Even that tiny amount of space and time is valuable,  however, if the system can slow the passenger evenly rather than forcing an abrupt halt to his or her motion. 

   There are three parts to an air bag that help to accomplish this feat: 

· The bag itself is made of a thin, nylon fabric, which is folded into the steering          wheel or dashboard or, more recently, the seat or door. 

· The sensor is the device that tells the bag to inflate. Inflation happens when there  is a collision force equal to running into a brick wall at 10 to 15 miles per hour (16 to 24 km per hour). A mechanical switch is flipped when there is a mass shift that closes an electrical contact, telling the sensors that a crash has occurred. The sensors receive information from an accelerometer built into a microchip.

· The air bag's inflation system reacts sodium azide (NaN3) with potassium nitrate (KNO3) to produce nitrogen gas. Hot blasts of the nitrogen inflate the  air bag. 

                     The inflation system is not unlike a solid rocket. The air bag system ignites a solid propellant, which burns extremely rapidly to create a 

large volume of gas to inflate the bag. The bag then literally bursts from its storage site at up to 200 mph (322 kph) -- faster than the blink of an eye! A second later, the gas quickly dissipates through tiny holes in the bag, thus deflating the bag so you can move.

                     Even though the whole process happens in only one-twenty-fifth of a second, the additional time is enough to help prevent serious injury. The powdery substance released from the air bag, by the way, is regular cornstarch or talcum powder, which is used by the air bag manufacturers to keep the bags pliable and lubricated while they're in storage.

Future Of Air Bags

                     In near future , door-mounted air bags and head air bag will come into existence. It is pretty clear that the science of air bags is still new and under rapid development.
                     Since model year 1998, all new cars have been required to have air bags on both driver and passenger sides. (Light trucks came under the rule in 1999.) To date, statistics show that air bags reduce the risk of dying in a direct frontal crash by about 30 percent. Newer than steering-wheel-mounted or dashboard-mounted bags, but not so widely used, are seat-mounted and door-mounted side air bags. Some experts say that within the next few years, our cars will go from having dual air bags to having six or even eight air bags! Having evoked some of the same controversy that surrounded seat-belt use in its early years, air bags are the subject of serious government and industry research and tests.
Anti Skid Breaking Mechanism

                     Stopping a car in a hurry on a slippery road can be very challenging. Anti-lock braking systems (ABS) take a lot of the challenge out of this sometimes nerve-wracking event. In fact, on slippery surfaces, even professional drivers can't stop as quickly without ABS as an average driver can with ABS.

                     Antilock brakes are designed to help drivers avoid crashes. When a driver hits regular brakes hard, the wheels may lock and the vehicle may skid. Wheel lockup can result in longer stopping distances, loss of steering control and, when road friction is uneven, loss of stability if the vehicle begins to spin. The main advantage of antilocks is that they can reduce these problems on wet and slippery roads. Antilocks work with your car's normal service brakes to decrease stopping distance and increase the control and stability of the vehicle during hard braking.
Working Of ABS

                    Vehicles equipped with antilocks have speed sensors mounted at each wheel and a secondary electro-hydraulic braking circuit. The principle behind antilocks is that a skidding wheel provides less stopping force and control than a wheel that is rotating. Antilocks prevent wheels from skidding by monitoring the speed of each wheel and automatically pulsing the brake pressure on any wheels where skidding is detected. Antilocks shouldn't make much difference in stopping distances on dry roads, although they can enhance vehicle stability and allow drivers to maintain steering control during emergency stops when conventional brakes might allow wheel lockup and skidding.
                    The controller monitors the speed sensors at all times. It is looking for decelerations in the wheel that are out of the ordinary. Right before a wheel locks up, it will experience a rapid deceleration. If left unchecked, the wheel would stop much more quickly than any car could. It might take a car five seconds to stop from 60 mph (96.6 kph) under ideal conditions, but a wheel that locks up could stop spinning in less than a second. 

                    The ABS controller knows that such a rapid deceleration is impossible, so it reduces the pressure to that brake until it sees an acceleration, then it increases the pressure until it sees the deceleration again. It can do this very quickly, before the tire  can actually significantly change speed. The result is that the tire slows down at the same rate as the car, with the brakes keeping the tires very near the point at which they will start to lock up. This gives the system maximum braking power.



In the proposed system the Master Controller, monitors the speed of the car continuously from Anti skid Controller. When it sees that there is a sudden decrease in speed, the master invokes the anti-skid mechanism. Then the Anti skid Controller monitors the speed at which the wheels are spinning. When the speed of the wheel is too low, the wheel will "lock-up" and stop spinning. Then the Controller releases the break pressure slightly. This prevents the wheels from skidding.

                       The brakes are then reapplied to increase the brake pressure back to the skidding point, where the above process starts again. This cycle continues. The net result is that the braking power is increased and the car can stop in a shorter distance.
                     When the ABS system is in operation you will feel a pulsing in the brake pedal; this comes from the rapid opening and closing of the valves. Some ABS systems can cycle up to 15 times per second.
           ABS do not cause a lengthening of the braking distance on high-traction surfaces .It is true that its main function is to decrease braking force on selected wheels, but it does so only to wheels that were locking, and so were not contributing effectively to the braking action. Bringing the wheel up to the real vehicle speed with the others will instead offer the optimum braking action.

                    In gravel and snow, ABS without doubt increases braking distances; on these surfaces a locked wheel digs in and stops the vehicle quickly. ABS prevents this from occurring. Some ABS controllers reduce this problem by slowing the cycling time, thus letting the wheels repeatedly, briefly, to lock and then unlock again. What ABS does accomplish on these surfaces is that it allows you to maintain control of the car rather then go into a skid. With 4-wheel ABS you are able to brake and steer at the same time, in order to avoid an obstacle, and don't have to worry about entering into a skid.
                     The idea of antilocks has been around for years. They were first used on airplanes in the 1950s. Availability has grown steadily in recent years. Availability soared to 90 models the next year. Currently, antilocks are on about 65 percent of all new cars sold and 92 percent of light trucks.

  6.  TESTING AND IMPLEMENTATION

6.1  System Testing
                        System testing is the stage of implementation which is aimed at ensuring that the system works accurately and efficiently before live operation commences.

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

The various testing objectives include:

· To ensure during operation of the system will perform as per specification

· To make sure that the system meets users requirements during operation

· To verify the control incorporated in the system function as intended to see that when correct inputs are fed to the system the outputs are correct

· To make sure that during operation, incorrect input processing and output will be detected
                    Program testing checks for two types of errors: Syntax and Logic. A Syntax error is shown as error messages generated by computer. Since diagnostics do not detect logic errors, the programmer must examine the output carefully. When the program is tested the actual output is compared with the 

expected one. When a discrepancy is observed, the sequence of instructions are traced   to determine the problem.

The system has undergone various stages for validation of results and for its integrity.

· Unit Testing

                   Unit Testing comprises the set of tests performed by an individual programmer prior to integration of the unit into a larger system. In the proposed system data is given to each module separately and resultant frame format is compared with the expected one. It is also checked whether the functions are performed according to the specified function code.

· Integration Testing

                    The various strategies used are bottom-up, top-down and sandwich.

In this testing different modules are integrated and tested as a whole.After this run successfully the test data is extracted from the organization file. The system is tested using this data and the results are obtained. Bottom-up integration is the traditional strategy used to integrate. The initial observations of the car are given to the integrated system and tested whether the different control activities are synchronized with the help of the master controller and whether they meet the real time dead lines.

· Acceptance Testing

          The last level of testing conducted is the acceptance testing.Acceptance testing is sometimes performed with realistic data of the client to demonstrate that the software is working satisfactorly.Testing here focuses on the externel behaviour of the system; the internal logic of the program is emphasis.The end users are allowed to interact with the system. The users who run the system and identify the various discrepancies provide adequate test data. The feed back is incorporated into the system.

In the proposed system the system testing is performed in three stages.

First Stage

· Tested whether the message is framed correctly

· Tested whether the LED displays are correct

Second Stage

· Verified  whether the routing is performed correctly

· Verified whether the error handling is performed

Final Stage

· Here the system is tested as a whole. All the modules are tested together.

6.2  System Implementation

          Implementation is the stage where the theoretical design is turned into a working system. The implementation phases constructs, install and operationalises the new system.The most crucial and very important stage in acheiving  new successful system and in giving confidence on the new system for the users, that it will work efficiently and effectively. Implementation involves careful planning, investigation of the current system and the constraits on implementation, design of methods to acheive the change over  procedures and evaluation of change over methods[2]. The implementation of system analysts is confronted with the practical problem of controlling the activities of people outside  their own data processing department.

Post Implementation Review


         After the proposed system is implemented, a review should be conducted to detemine whether the system is meeting expectations and where improvements are needed.The system not only access how well the proposed system is designed and implemented, but also is a valuable source of information that can be applied to a critical evaluation of the system.Achivements, failure, surprises and assessments all will provide experience that can be used to improve the efficiency of the system. 

7.  CONCLUSION

                     The project implemented the Modus Protocol using real time concepts. Also developed a real time system for monitoring and controlling various functions in a car. The system tries to provide a primary solution to the major problems thriving in the daily risks occurring due to accidents. 

       The main advantage in implementing this project includes:

              1.Synchronizing various activities within a specified time limit.

              2.High efficiency.

                    The cost of installation and establishment procedures can be ignored when compared to the efficiency of the system, which makes a gain in time mainly. This project in Embedded System has a wide scope of development in the near future. This can  be implemented in a normal man’s car and can bring about a revolutionary change in the world of car technology.
8.  Scope for FUTuRe DEVELOPMENT

                  Each year, cars seem to get more and more changed. 

   Following are the some of the scopes for future development 

· Reduction of the amount of wiring in cars.

·  Advanced diagnostics .

· Simplification of the manufacture and design of cars .

· New safety features .

· Sophisticated engine controls to meet emissions and fuel-economy standards. 
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