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Introduction
The goal of this project is to design an onboard computer for modern vehicles, which will allow users to directly send data (music, videos, files etc.) from your home computer to your vehicle. This project will also offer additional features such as Bluetooth connectivity, navigation system and car health monitoring.
Project Description

This computer will be designed to fit into modern cars. Size and look would be similar to today’s up to date navigation system with seven inch touch screen operations. This computer will not only play CD’s and DVD’s, but will also connect wirelessly to routers to transfer data back and forth. In addition to that it will also serve as GPS navigation system, and will also monitor the health of the vehicle.

Project Technologies

The computer will run on MS Windows platform for optimized functionality. To achieve GPS navigation, a GPS chipset would be required. It will also include an 802.11g wireless card to enable the wireless functions. The Bluetooth port in the computer will permit it to communicate with the other wireless devices. The seven inch touch screen would be designed to automatically position itself whenever the car starts. 

Budget

To complete this project, an estimate budget of $1250 would be required. The budget will be broken into the following categories:

	Computer components (Flash HD, PSU, Wireless card, etc)

	$800

	GPS Hardware
	$100

	Bluetooth Receiver
	$50

	Motor & moving parts
	$200

	Navigation Software
	$100

	Possible Total
	$12


Challenge

This project will be a big challenge from its initial stage to the end. The biggest challenge would be to plan out the entire project. The group working on the project will face many difficulties such as attaching the computer with motor for the automatic screen pop out. Another challenging tasks would be to synchronous the computer with the car parts to take the reading of the specific functions (i.e. checking the door locks, reading the fuel level, temperature and other controls). 

Qualification

This project will require three to four talented personal who are interested in working with networking, computers and new technology. The tasks of this group will be to come up with the best and most economical way to reach the goal of this project. The group should be able to figure out how to attach all the components together (i.e. Bluetooth, GPS chip, wireless card and the software needed to run the navigation system and to handle the car monitor functions).

Technical Information
Functional Description of the Design and its Components

Car Health Sensors
A) ECU
The engine control unit (ECU) is a computer inside most cars that determine the amount of fuel, ignition timing and other parameters by monitoring the engine through sensors. “The ECU uses closed-loop control, a control scheme that monitors outputs of a system to control the inputs to a system, managing the emissions and fuel economy of the engine (as well as a host of other parameters).”
  Typically the ECU will have an array of sensors, including crank angle sensor, an O2 sensor, a throttle position sensor/TPS, engine temperature sensor, air induction valve, exhaust gas recirculation valves. 

“The ECU may also be connected to other systems which may be present on modern cars, such as an air bypass to increase idle speed while warming up, a system to adjust the opening of the butterfly valve controlling the intake airflow, a vehicle speed sensor, exhaust gas temperature sensor, and others.”

By connecting the ECU to a computer on board the car, the car’s health could be actively monitored from incoming data.  Usually the ECU triggers the check engine signals should there be anything wrong and a mechanic could extract the specific information from the ECU to determine the cause.  The computer onboard could be set to update as frequently as desired so that problems could be anticipated by the end user before immediate action would be required.   

There are also different sensors to analyze structural damages.  The company Acellent has a product that could be used with this project (though costly). “Acellent's technology, which consists of a thin dielectric film embedded with a network of sensors, monitors structures for misuse, damage, impact, or fatigue. The monitoring layer can either be surface-mounted or embedded into the structure during fabrication.  The system would automatically instruct actuators to generate pre-selected diagnostic signals and transmit them to neighboring sensors whose response could then be interpreted in terms of structural changes due to external loads, structural damage or changes in material properties.”

The maintenance of the structural integrity of the car could be achieved through strain gauges and fiber optics to measure damage/fatigue to car chassis.

B) Telemetry

A telemetry system could also be used for real time wireless data acquisition from different sensors.  “A telemetry transmitter consists of a set of measuring instruments, an encoder that translates instrument readings into analog or digital signals, a modulator, and a wireless transmitter with an antenna. A telemetry receiver consists of an antenna, a set of radio-frequency (RF) amplifiers, a demodulator, and recording devices.”
 

Sample implementation with sensors and telemetry: 

· http://www.cs.columbia.edu/~sedwards/classes/2004/4840/proposals/daq-t.pdf

· http://instruct1.cit.cornell.edu/courses/ee476/FinalProjects/s2005/mpd25_yl293/476FinPrj/INDEX.HTM
Communications 

A) Car-Mobile Device Communication Interface

Bluetooth is an industrial specification for wireless personal area networks (PANs). Bluetooth provides a way to connect and exchange information between devices such as mobile phones, laptops, PCs, printers, digital cameras and video game consoles over a secure, globally unlicensed short-range radio frequency. The Bluetooth specifications are developed and licensed by the Bluetooth Special Interest Group.  Bluetooth is a radio standard and communications protocol primarily designed for low power consumption, with a short range (power-class-dependent: 1 metre, 10 metres, 100 metres) based on low-cost transceiver microchips in each device.  

Bluetooth uses the 2.45 GHz Industrial, Scientific, Medical (ISM) Band. 

This is an internationally unregistered band and, as such, is utilized by a lot of technologies:  microwave ovens, 802.11b and 802.11g wireless networking, and some wireless phones. To reduce interference caused by Bluetooth devices, the transceivers only output 1 mW signals. To counter interference from other devices, Bluetooth divides the band into seventy-nine channels. Devices randomly "hop" through these seventy-nine channels up to 1600 times per second, so that any interference from another, wireless device is limited to a tiny fraction of a second. This is coupled with error-correcting software to counter even these tiny interruptions. When two Bluetooth devices link up they hop through the channels in sequence.  Bluetooth devices must be “paired” to facilitate communication.

B) Car-Home Communication Interface (802.11g)

The 802.11g standard uses the 2.40 GHz band, operating in the United States under Part 15 of the FCC Rules and Regulations.  It operates at a maximum raw data rate of 54 Mbit/s, or about 24.7 Mbit/s net throughput.  802.11g hardware is compatible with 802.11b hardware.  The modulation scheme used in 802.11g is orthogonal frequency-division multiplexing (OFDM) for the data rates of 6, 9, 12, 18, 24, 36, 48, and 54 Mbit/s.  At low bandwidth, it reverts to the 802.11b standard CCK for 5.5 and 11 Mbit/s and DBPSK/DQPSK+DSSS for 1 and 2 Mbit/s. Even though 802.11g operates in the same frequency band as 802.11b, it can achieve higher data rates because of its similarities to 802.11a. The maximum range of 802.11g devices is slightly greater than that of 802.11b devices, but the range in which a client can achieve the full 54 Mbit/s data rate is much shorter than that of which a 802.11b client can reach 11 Mbit/s.

C) File Transfer Protocols

To actually move data files with the wireless interface, it is necessary to implement file transfer protocols.  To support a wide variety of users, the project will support two different protocols: CIFS and FTP.

Common Internet File System Protocol (CIFS) is the standard network file transfer protocol in the Microsoft Windows family of operating systems.  As a result of Microsoft’s enormous consumer market share, CIFS has become popular across a variety of platforms.  CIFS support will make it very easy for typical users to move files between their PC/laptop and car.

Client systems use the CIFS protocol to request file and print services from server systems over a network.  It is based on the Server Message Block

(SMB) protocol.  Several dialects of the SMB protocol are in use by a variety of servers with differing capabilities.  A CIFS client determines an acceptable dialect to use, and the capabilities of a server, when it first negotiates a session with the server.

Supported file access operations include open, close, read, write, and seek. 

CIFS supports Unicode file names, extended attributes, file and record locking, safe caching, read-ahead and write-behind, file change notification, protocol version negotiation, distributed replicated virtual volumes, server name resolution independence, and batched requests.

File Transfer Protocol (FTP) is an old but very common network file transfer protocol.  This would be an alternative to CIFS to increase the supported user base of the project.  Virtually any device that supports TCP/IP networking has FTP support.

There are two computers involved in an FTP transfer: a server and a client. 

The FTP server, running FTP server software, listens on the network for connection requests from other computers. The client computer, running FTP client software, initiates a connection to the server. Once connected, the client can do a number of file manipulation operations such as uploading files to the server, download files from the server, rename or delete files on the server and so on. Any software company or individual programmer is able to create FTP server or client software because the protocol is an open standard. Virtually every computer platform supports the FTP protocol. This allows any computer connected to a TCP/IP based network to manipulate files on another computer on that network regardless of which operating systems are involved.  FTP runs exclusively over TCP. FTP servers by default listen on port 21 for incoming connections from FTP clients. A connection to this port from the FTP Client forms the control stream on which commands are passed to the FTP server from the FTP client and on occasion from the FTP server to the FTP client. For the actual file transfer to take place, a different connection is required which is called the data stream.

Flash Drive
A flash drive, related to a solid state drive, is a storage device that uses flash memory rather than conventional spinning platters to store data. Unlike a USB flash drive or key drive, flash drives tend to physically imitate conventional hard drives in size, shape, and interface so that they may act as a replacement for hard drives.

These products are typically used as low power, rugged replacements for hard drives, especially in installations exposed to extreme conditions. The flash memory cells tend to fail after around a million writes which made early devices unsuitable for storage which is often updated in place, such as swap files. To address this problem, some flash disk vendors have introduced wear-leveling techniques that track usage and transparently relocate the data in highly utilized extents of storage to extents that have been less utilized. Unlike solid state disks, flash drives do not generally require backup battery systems.

Another use for flash drives is running light weight operating systems designed specifically for turning general-purpose PCs into network appliances comparable to more expensive routers and firewalls. In this situation, a write protected flash drive containing the whole operating system is used to boot the system. A similar system could boot from CD, floppy disk or a traditional hard drive but flash memory is a good choice because of very low power consumption and failure rate.
1500G, 0.5ms operating shock

16.3G operating random vibration

Full -40°C to +85°C industrial temperature range

Technical Description of Design and Components

Bluetooth Communications


[image: image1]
The above is the Block for the Bluetooth device.  The audio Codec performs analog/digital conversions.  There is battery management going on which converts the battery power to various functional blocks.  The RF front end provides the wireless link to the device through the antenna.  The Bluetooth processor is in charge of all the software communications outside the device.

GPS Implementation[image: image8.png]
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Block diagram of GPS system implementation http://ieeexplore.ieee.org/iel4/1037/7500/00697638.pdf?arnumber=697638

The system's main function is in decoding and displaying the digital map database written in the CD-ROM or the hard drive. The map can be scrolled or its scale can be changed. Other information can also be called up such as tourist information, highway information and live traffic displays. 
.

In basic operation, the vehicle's position is always kept at the center of the display with a smooth scrolling function. In more advanced operation, a driver can set a destination point so that a bell will sound when vehicle approaches the pre set point.

Implementations with ECU
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Block diagram for ECU-based status monitoring.
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Typical ECU setup.  Image c/o http://zone.ni.com/devzone/cda/tut/p/id/3064
The manufacturer’s ECU uses an assortment of sensors to continuously monitor the status of various systems in the automobile.  When implementing the automobile-integrated and networked computer with the ECU, the team can treat that system as a black box, which our system merely queries for data.  Communication between the ECU and AINC microcontroller occurs through the OBD-II interface. The OBD-II connector is shown to the right.
  It is a female 16-pin (2x8) J1962 connector that is nearly always located on the driver's side of the passenger compartment near the center console.  To query the ECU for information, two bytes are sent over the OBD-II bus (excluding header and CRC bytes). The first byte determines the desired mode of operation, and the second byte is the requested parameter identification (PID) number. The ECU will respond with a two byte acknowledgement and possibly some number of data bytes.

The microcontroller runs our operating system.  The AINC software processes the data and displays it on the system graphical user interface (GUI).  This is shown to the user on an LCD panel connected to the microcontroller via a VGA cable.  VGA, more formally known as D-sub 15, is a three-row 15 pin connector used for transmitting RGB video data.  The D-sub 15 connector is shown to the right.

Telemetry

Engine speed (RPM), manifold air pressure (MAP), engine temperature, air/fuel mixture (AF), throttle position (TPS) and fuel consumption are important parameters related to engine performance.  The following diagram shows a general implementation of sensors set to measure such conditions and send the data to an onboard computer for processing.
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Telemetry dataflow diagram

http://www1.cs.columbia.edu/~sedwards/classes/2004/4840/proposals/daq-t.pdf
Analog signals are generated by sensors located on various parts of the engine and chassis or by outputs of the ECU.  These signals require some analog circuitry for signal conditioning and buffering before they are fed to the ADC (Analog-to-Digital Converter) or timer channels of the PIC Microcontroller.  Discrete valued signals (such as thermistors) will go to ADC channels, and the time based signals will go to timer channels.  

The data is converted to 8-bit PCM words by the MCU.  The basis of the processing is a simple polling loop.  On every polling loop cycle, the MCU will initiate A/D conversion on each ADC channel, store the results in memory, store pulse width timer data to memory, then construct a frame of data by retrieving the most recent data from memory and sequentially transmitting it.  The raw data is to be processed by onboard computer and displayed in user readable text format or a graphics interface.

Java offers a package dedicated to reading and writing from serial ports, called Javax, which has built in functionalities such as buffers and streams, and could easily be used to make a GUI interface. A more mainstream approach is C. The user interface program is used to process the data coming from the PIC MCU, as well as display it to the user. Due to the high overhead in concurrently reading and processing the data, every 10th packet could be shown to the user while the raw information could be saved for use for later use if needed.

See previous secitons for more detail on the sensor implementations.  Engine RPM is measured using a magnetic reluctance sensor.  A MAP shows air pressure inside the air intake manifold.  The Engine Temperature and MAT sensors are thermistors.  An AF sensor would show air to fuel ratio which would provide a measure of the efficiency of the engine. Fuel Consumption is calculated by measuring pulse widths of the outputs to the fuel injectors from the fuel controller.  Lateral and forward acceleration are calculated from accelerometers.  Strain gauges are also integrated into the chassis to measure any deformities in the structure.

Car to Home Connectivity

Context Diagram:
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Functional Diagram:
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This function of the car computer deals with communications with a home computer or server. This will allow for a wireless internet connection, the transfer of media files within the network, and updates of the car computer’s system files.

The main components used are a wireless adapter installed in the car computer, a home computer/server (existing), and a wireless home network (existing). The wireless adapter is configured to communicate with the home wireless network and home pc. The home pc can transfer files via the network as needed.

The links between the components of this system utilize the new 802.11n technology. This technology allows for greater range, reliability, and throughput in wireless networks. 802.11n has a typical data rate of 200 Mbit/s with a maximum of 540 Mbit/s. Its range extends networks up to 50 meters. When updating files, it is important to keep the time needed as low as possible. This would lessen the time the car needs to be on and less waste gas. 
Mathematical or Other Principles Embedded in the Project
Finite State Machine

A finite state machine (FSM)
 is a logical representation of a system used for behavioral modeling.  An FSM is composed of a finite number of distinct states, the transitions between those states, and the actions associated therewith.  The current state is the result of the history of the system.  A state specifies the status of the system.  A transition is a change from one state to another (possibly the same) state according to a set of transition conditions.  The activity to be performed by the system at a particular instant is called an action.  There are four main types of actions.  Entry actions are performed when the system enters a new state.  Input actions are performed within a state, according to particular conditions and the current state.  Exit actions are performed when the system leaves the previous state.  Transition actions are performed during the transition between two particular states.  In practice, a given system does not use all types of actions.  The basic types of FSM are the Mealy FSM, which uses only input actions, and the Moore FSM, which uses only entry actions.

The Mealy FSM is named for G.H. Mealy.
  A Mealy
 FSM generates an output determined by its current state and an input. A very simple sample Mealy FSM state diagram is shown to the right.

The Moore
 finite state machine, named for Edward F. Moore, is similar to the Mealy FSM.  Unlike a Mealy FSM, the output of a Moore FSM is determined entirely by the current state of the system. A very simple sample Moore FSM state diagram is shown to the left.  The Moore FSM is often a more intuitive model for clocked sequential digital systems, since the output of such a system changes only at the edge of the clock cycle, and then remains stable for duration of the period.

In formal mathematical terms, an FSM is a sixtuple (S, S0, Σ, Λ, T, G).  S is the finite set of possible states for the FSM.  S0 is the initial state of the system (thus, 
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).  Σ is the input alphabet.  It is the finite set of inputs the FSM understands.  Λ is the output alphabet.  It is the finite set of outputs the FSM may generate.  T is the state transition function which determines the next state based on the current state and the input.  G is the output function.  In a Mealy FSM, G is a function of the current state and the input.  In a Moore FSM, G is a function only of the current state.
Performance Expectations/Objectives
In such a system, a lot of different components are being blended together. We, as a group, have a lot of expectations from it. The system should be stable to be able to function properly at all times. There are obviously times when a system can break down, but we have to ensure that in such a case we can quickly identify and rectify the problem. Various different components have to work in synchronization with the others and therefore, the blending of devices would cause the most problem which needs to be overcome.
As our previous reports have suggested, we are working with a lot of wireless devices. These include the Bluetooth device for the transmission of data from the computer to the car and vice versa, the GPS device for the long distance transfer of data and navigation purposes, wireless sensor systems, home connectivity by network appliances, etc. Such a mixture of wireless capabilities can lead to problems mainly being lost connection, faulty connection or the device break down. Our objective would be to make the entire system work as a whole with its individual parts functioning as they should be. 
Bluetooth really is a networking standard. Instead of a LAN or Local Area Network, it's a PAN or Personal Area Network. Bluetooth devices establish what are known as piconets. A piconet contains a minimum of two devices and a maximum of eight. No manual intervention is needed. The process of setting up the network is completely automatic when Bluetooth enabled devices are within range of each other. One device assumes the role of the master and invites other nearby Bluetooth enabled devices to join the net as slaves. All of this is going on at a data rate of 1 Mbps for the standard Bluetooth and up to 3 Mbps for Bluetooth version 2.0. 
Connection to the ECU (electronic Control Unit) is achieved via the On-Board Diagnostics Generation 2 (OBD-II) interface. For the Car-home Communication interface (802.11g), it uses the 2.40 GHz band, operating in the United States. It operates at a maximum raw data rate of 54 Mbit/s, or about 24.7 Mbit/s net throughout.  
There are other parts to this system as well which we need to take into account. Thus, as a whole, we need all the different frequencies and interfacing channels to work correctly and along with each other. A lot of tests would need to be done to make it a success.
Our first target would be to implement our design and make everything work together in tandem. If this is possible we can think about the aesthetics of the system and other considerations. Thus, we would need to get together all the devices, test them individually and more importantly, test them as a group. Alterations to our plans might have to be made in accordance with the test results, including changing around some configuration and scrapping/changing some devices all together.

Critical Evaluation of the Project
The "Good" 

This project will include many positive points.  The main aspects of the project include sensor implementation with telemetry, ECU based sensor analyzation, Bluetooth, navigation system and networking.  The integration of a computer with the car simplifies the navigation, Bluetooth and networking aspects greatly.  There is a lot of flexibility in the use of sensors and transmission methods for telemetry.  Given a fairly modern automobile, the ECU analyzation would mainly need work with software and connection to the microcontroller and computer.

Telemetry and sensor implementation 

The telemetry system offers a thorough report from the sensors to local computer on the car or to a remote computer which would provide additional options.  Telemetry could be a stand-alone system that could be attached to any moving object with similar specifications. 

Engine speed (RPM), manifold air pressure (MAP), engine temperature, air/fuel mixture (AF), throttle position (TPS) and fuel consumption are principal parameters related to engine performance.  There is a lot of flexibility in the choice of sensors to be used which can reduce potential strains on budget or implementation.  The system can be readily modified to accommodate additional sensors or scaled down designs.  The prices of the sensors mentioned are relatively low cost.  

Telemetry could be simulated by transfer of data collected from the onboard computer to the home network at any time.  The team could also build the circuits needed for the sensors or use sensors marketed for RC cars. 

ECU-based implementation 

The main strength of the ECU-based implementation is that it makes use of systems already in the vehicle.  This means that it is more or less equivalent to getting the sensor and monitor suite for free.  This makes installation much easier and lowers the cost of the system.

It is conceivable that the team’s ECU query software could become a standalone product that we license to other developers in the tuner scene.

Bluetooth and Navigation system

Bluetooth has a lot of strengths such as auto-update and capability of multi-synchronization.  It is capable of various functions these days including data transfer and a means of audio communication.  Implementing Bluetooth with the system is simple with interface such as PC card units, PCI slots, or USB connected Bluetooth dongles.  The prices considered are also very economically viable.

The navigation or GPS system will be easy to streamline into the project.  An onboard computer with internet connection allows the use of free software or mapping services for navigation.  GPS receivers are fairly priced and can be connected to the computer by USB. 

Wireless Networking

The wireless network with be implemented with 802.11n technology which provides great reliability and range.  With less time and greater reliability in transferring files, the battery power will be efficiently used.  This function implementation consists of minimal components and needed software.

Though this is the most convenient way of transferring files, other options may be considered to lessen cost and added components. For example, a movable flash drive can be used to transfer files from any computer to the car computer. With new technologies, a 4gb flash drive is very affordable.

The "Scary" 

A major threat to this project would be the latest technology from the car companies. Car companies these days are coming with the newest technology in their cars. This project might get outdated if a car company starts offering a similar computer inside their cars before the completion of this project. Manufacturers may kill our market in the coming years by offering a system comparable to ours as normal optional extras.

Most companies already have sensors that look for problems more passively.  Consumers might not like the extra hassle of more technical aspects to care for which reduces the market the project will appeal to.

The Car

A primary challenge for this project would be to find a relatively modern car to implement the design on.  The car would need sensors attached to the ECU.  The alternative to using a free or relatively modern and cheap car would be buying a car or scaling down the project immensely.  The budget constraint doesn’t allow the group to buy a car.  Without a car, the group might have to rely on telemetry on a RC car (networking, ECU Bluetooth ideas would be abandoned).  A group member’s car would be used if the project was started.

There would need to be extreme caution and judgment in working on this project because the loss of a car would jeopardize the project.  The car might suffer damage because of the testing of code that is required.  Assembling all the parts inside the car with the computer will also be a challenge with cramped space and a need for functional design.

Other Weaknesses
This Project might get very expensive due to critical parts such as a car, computer, GPS chip, Bluetooth, networking hardware, sensors and software.

For Telemetry, the budgetary constraints and the onboard computer make the need for a separate receiver and wireless transmission an unnecessary cost.  The GUI for the sensor output is incredibly time intensive to test and build considering all the other aspects of this project that need to be integrated also.

The ECU-based implementation has two main weaknesses.  The first is that older cars will have only very simplistic system monitoring, or none at all.  The second is that different manufacturers customize their systems beyond the base specification of OBD-II.  This means that the team would have to implement many vendor and even model specific code to get the most out of the available ECU. OBD-II will be phased out at some future point which threatens the marketability of the system.

Only the basics are standardized; more sophisticated interaction between the ECU and our system will require manufacturer, and in some cases, car specific customizations.

Clearly, this project has some major complexities for a senior design project.  Its feasibility hinges on the interoperability of many third-party components.  If a component search fails, there may not be sufficient time or resources to design and fabricate an original.  In the end more focus may need to be paid to specific aspects instead of trying to do so many things at once.

The "Fun" 

In this modern age, productivity and the importance of time requires everyone to be on top of email and news, have a cell phone, PDA/ organizer, Bluetooth devices, GPS systems, and ready access to information. The automobile integrated networked computer allows people to have a central hub for processing such information with ease.  A computer with internet connection, Bluetooth, GPS, and sensors connection to look into the health of a car allows ready access to information and technical aspects that one deems important.

The onboard computer opens up a myriad of possibilities.  People could communicate easily between cars, get immediate help on navigation, transfer files from a home or office computer or network and get immediate access to specific media (news, music, audio, photos). With the active monitoring for health of the car, users can also have a more interactive role in maintenance.  As the cost of fuel, eco-friendly and fuel efficient cars, people might like an easier way to tweak some settings in their cars to suit a specific purpose. 

Designing a functional aspect to this project to integrate the computer and hardware will allow a lot of creativity to come forth while allowing the group to learn immensely about the car and interfacing with the computer. 

The work on the networking, telemetry and ECU interfacing also seems to be promising.  The telemetry and networking would allow a person to send data from the sensors to another computer to log and chart the information for use later.  Interfacing directly with the ECU and writing some code would also allow the group to tweak settings like the manifold absolute pressure or air to fuel ratios for specific gains or other purposes.

This project will offer many opportunities if the group can complete it in a well manner. One can offer to sell this computer to different car companies if they are interested. Another way to sell this computer would be to offer to a third party firm such as Pioneer, Sony or some other companies who work on car stereos and navigation systems.

Funding of Project 

The main aspects of the project include sensor implementation with telemetry, ECU based sensor analyzation, Bluetooth, navigation system and networking.  

The car would be acquired from one of the group members.  Buying the car isn’t possible due to budget constraints and a modern car (with ECU) might not be attainable by donation because of the small scale of the project might not attract the potential investor.

The sensors required for car health would already be present in a modern car.  The cost of replacement if the sensors aren’t presents is as follows: magnetic reluctance sensor ~ $90-100, MAP sensor~ $50-$70, MAT sensor~ $40-$50, thermistor~$100, AF sensor~$150, accelerometer~$100.  Some of the sensor prices are model specific.  At online stores, junk yards or used car lots, the prices may be cheaper.  

The computer required for the project is also a major investment.  The price would be approximately $500 to $750.  The group members may need to use parts from their existing computers to reduce cost.  

Bluetooth and navigation systems are affordable and used or refurbished models can be attained from online merchants or auction sites.  There are many options for open-source software for GPS (e.g. http://www.gpstk.org/bin/view/Documentation/WebHome).  The open-source software provides a open source library and suite of applications to work with.  There is also open-source software for Bluetooth which helps development for Bluetooth cores and software stacks (e.g. http://www.geocities.com/SiliconValley/Pines/6639/ip/bt/)

Economically, the networking aspect would be very feasible. Most, if not all, homes have an existing wireless network. This would only require an additional cost for the wireless adapter for the car pc. These are dropping in price and at the most incur a cost of $50. The software costs would be little to none because there are open-source interfaces and interfaces that the hardware comes with.

Summary

Strength

This project will include many positive points. One main point of this project is that this kind of project has not been done before. There are so many people in the US alone who love computers and entertainment. Successfully completing this project will result in a computer that will let people receive their favorite music and videos in their car from a home computer.  People will also be able to check there email in the morning while their car is warming up. Another strength of this project would be that it will come in a complete package including navigation system, car monitoring system and the wireless card to connect to WAN and LAN.
Weaknesses
Along all the positive strength, this project will include some weaknesses as well. Some of the weakness will include:

· Project might get very expensive due to critical parts such as touch screen computer, GPS chip and Bluetooth, sensors.

· Assembling all the parts inside the car with the retractable monitor will be a challenge.

· Implementing sensor systems by telemetry (similar to champ cars) would be very costly while the alternative is finding a modern car with available sensors.  The car might suffer damage because of the testing of code that is required

Opportunities

This project will offer many opportunities if the group can complete it in well manner. One can offer to sell this computer to different car companies if they are interested. Another way to sell this computer would be to offer to a third party firm such as Pioneer, Sony or some other companies who work on car stereos and navigation systems.  Interfacing with the ECU will be a great option to give users who want to maintain care of their vehicle more actively.

Threats

The biggest threat to this project would be the latest technology from the car companies. Car companies these days are coming with the newest technology in their cars. This project might get outdated if a car company starts offering a similar computer inside their cars before the completion of this project.  Most companies already have sensors that look for problems more passively.  Consumers might not like the extra hassle of more technical aspects to care for which reduces the market the project will appeal to.

This project has laid out the basic technologies and implementations of an in-car computer system. GPS, Bluetooth, home and internet networking, telemetry, and ECU technologies have all been researched. These technologies as well as underlying ones have been laid out in accordance to their contribution to the overall system. The basic technologies as well as technical implementations of these components have been researched and addressed. Mathematical principles of the finite state machine may also apply to this project. Performance objectives and expectations were approximated for the final goal.
Evaluations of the project were based on the good, bad, and fun aspects. These critical evaluations covered everything from the technology, components, concepts, and the team itself.

The project overall was a great experience in terms of research as well as a theoretical implementation and feasibility study.
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