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Summary of assignments of individual group members

· Anirudh Agarwal researched and referenced projects based on Bluetooth technology.

· Rajwinder Singh researched and referenced products on GPS receivers.

· Matthew Conforth researched and referenced car Implementations with ECU.

· Imrul Sumit researched on telemetry implementations to log data from wireless sensor systems.

· Joseph Salomon researched car to home connectivity by network appliances.

Bluetooth Communications

Bluetooth is an attractive sounding wireless networking standard that solves the problem of last-inch connectivity. Let's face it, there are lots of standards for connectivity including DSL, Cable Modem Internet, PON (Passive Optical Networks), T1, BPL (Broadband over Power Line), and even Wi-Fi. Well, Wi-Fi is really more of a last-foot connectivity solution designed to eliminate Ethernet wiring within a home or office. Bluetooth is more likely to eliminate USB and parallel printer cables within a room. It also eliminates other short wires, such as the tiny but annoying cable that links a headset to a cellular phone.

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. Once all 8 available slots are filled, no other device can join. The master and the slaves take turns communicating in a round-robin scheme. Communications between slaves must be sent via the master and not directly. 

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. They are compatible standards and run at a speed that the slowest device in the piconet can keep up with. Deducting overhead in the transmission protocol, the basic communications rate is around 720 Kbps. There are options including half-duplex, full duplex, asynchronous connectionless and synchronous connection oriented links. The data bits can be information, digital control words or even two-way audio at 64Kbps. That's perfect for telephone applications, as 64Kbps is the legacy standard for toll quality digitized voice. 
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We have already seen Bluetooth compatible cars which enable users to synchronize their headsets to the car so that the cell phone could be used without holding anything. Our project furthers this idea to enable users to synchronize their cars to their personal computers for various applications such as transferring music (auto-update), transferring movies, or any other document which the user might need. 

In the “carputer” the Bluetooth technology in the car will have a high-range capability and would be synchronized with a particular home computer automatically. Whenever in range, the Bluetooth would automatically update its folders from the computer. Specific other files could also be transferred manually. Furthermore, the system would be made to accept other Bluetooth devices as well, so that a cell phone could be paired to it and used without holding it. 

GPS Implementation
Global Positioning System (GPS) is currently the only fully functional Global Navigation Satellite System (GNSS). More than two dozen GPS satellites are in medium Earth orbit, transmitting signals allowing GPS receivers to determine the receiver's location, speed and direction.

The GPS satellites float in space over 12,000 miles/19,000km from Earth. Ironically, the fact that they’re so far away makes the job of locating the satellites easier. Because they’re well clear of Earth’s atmosphere, they orbit Earth according to (relatively) straightforward mathematics.  The GPS chip of every navigation device is programmed with an ‘almanac’, or log book. This almanac contains long-term general information about the position of the constellation and its satellites. This helps the device finding the satellite signals. The satellites also send out almanac information with their signal, so that the almanac of your navigation device is regularly updated.
 

To develop software with GPS, our group will need the following: 

· A GPS receiver board based on the GPS receiver baseband processor with >= 256 KB flash and >= 256 KB of RAM. 

· A carrier board to convert the 5V serial ports from the GP4020 to RS-232c levels, as well as provide a reset switch, LEDs, and other debugging niceties. 

· A Linux-based development PC with a serial port (it's probably possible to do this with Cygwin, or even a Mac, but I can't help you as to how). 

· Any old PC with a serial port and serial console (or conversely, a second serial port on the Linux development PC). 

· The GNU cross-development environment for ARM processors. 

· The eCos real time operating system development environment. 

· The GPL-GPS software, checked out with cvs. 

A GPS receiver must be locked on to the signal of at least three satellites to calculate a 2d position (latitude and longitude) and track movement. With four or more satellites in view, the receiver can determine the user's 3D position (latitude, longitude and also altitude). Once the user's position has been determined, the GPS unit can calculate other information, such as speed, track, trip distance, distance to destination, sunrise and sunset time and a lot more. Today's GPS receivers are extremely accurate, thanks to parallel multi-channel design. Garmin's 12 parallel channel receivers are quick to lock onto satellites when first turned on and they maintain strong locks, even in dense foliage or urban settings with tall houses. Certain atmospheric factors and other sources of error can affect the accuracy of GPS receivers. 

Environmental factors that influence position accuracy and initial GPS position fix are:

· Tall buildings

· Narrow street and passageway

· Protection film on glass

· Heavy foliage

· Large cliffs

· Obstructions where the satellite signals may blocked

· Poor satellite geometry situations

Implementations with ECU

An electronic control unit (ECU) (aka control unit or control module, is an embedded automotive electronic system that controls one or more of the electrical subsystems in a vehicle. Some modern cars have up to 70 ECUs, including the engine control unit (aka powertrain control module (PCM) or engine management system (EMS)), transmission control unit (TCU), telephone control unit (TCU), man-machine interface (MMI), door control unit, seat control unit, and climate control unit.


Modern ECUs use a microprocessor which can process the inputs from the engine sensors in real time. An electronic control unit contains the hardware and software (aka firmware). The hardware consists of electronic components on a printed circuit board (PCB). The main component on this circuit board is a microcontroller chip. The software is stored in the microcontroller or other chips on the PCB, typically in EPROMs or flash memory so the CPU can be re-programmed by uploading updated code.
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Connection to the ECU is achieved via the On-Board Diagnostics Generation 2 (OBD-II) interface.  Since 1996, the OBD-II specification has been mandatory for all cars sold in the United States.
  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.  The OBD-II pins are assigned as follows:

	1
	-
	9
	-

	2
	Bus positive Line of SAE-J1850
	10
	Bus negative Line of SAE-J1850

	3
	-
	11
	-

	4
	Chassis ground
	12
	-

	5
	Signal ground
	13
	-

	6
	CAN high (ISO 15765-4 and SAE-J2234)
	14
	CAN low (ISO 15765-4 and SAE-J2234)

	7
	K line of ISO 9141-2 and ISO 14230-4
	15
	L line of ISO 9141-2 and ISO 14230-4

	8
	-
	16
	Battery voltage


Pins 1, 3, 8, 9, 11, 12, and 13 are deliberately left available for manufacturers to customize according to their own needs.


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.


At this point, interest in ECU research is, because of its commercial nature, primarily the concern of automobile manufacturers and aftermarket tuners.  These entities generally guard their information as valued intellectual property.  Similarly, the Society of Automotive Engineers (SAE) has draconian DRM policies and exorbitant prices for their information.  Most of the available resources on this topic are not professional repositories but DIY and enthusiast forums/message boards.  The one exception the team could locate is the Mississippi State University Center for Advanced Vehicular Systems.
Telemetry

“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: 

· www1.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

· http://instruct1.cit.cornell.edu/courses/ee476/FinalProjects/s2005/mpd25_yl293/476FinPrj/INDEX.HTM
Sensor implementations on the vehicle: 

1. Engine RPM is measured on the vehicle using a magnetic reluctance sensor.  A sinusoidal (differential) voltage signal from the sensor can show the RPM as a function of the instantaneous frequency of the signal. 

2. A MAP (manifold absolute pressure) sensor produces a linear 0-5 V signal which is proportional to the absolute air pressure inside the air intake manifold. 

3. The MAT sensor is a thermistor.  The temperature is directly proportional to the conductance across the leads of the sensor. 

4. The Engine Temperature sensor is a thermistor. 

5. The AF sensor produces a linear 0-5V signal proportional to the air fuel mixture extrapolated from the proportion of oxygen in the exhaust header.  This is a measure of the stoichiometric efficiency of the engine. 

6.  Fuel Consumption will be calculated by measuring pulse widths of the outputs to the fuel injectors from the fuel controller. 

7, 8. Lateral and forward acceleration can be calculated from accelerometers mounted to the car such as ADXL chip from Analog Devices. 
Hardware implementation: 

The radio modem Wireless transmission will be implemented using a radio modem link from interfaces to the data bus using the RS-232 protocol at a maximum data rate of 19.2 kbps and transmits data to the receiver using the 900 MHz unlicensed band.

Costs

The price for implementation ranges from approximately $200(kits for rc cars) to more than $4000 ( used in champ cars) for high end systems.
Car to Home Connectivity

One method of transferring files to the car computer would be via a wireless network. A wireless network from the house accessible from the car would have to be configured. This network would be accessed when the car is parked nearby. A 802.11g or higher network standard would be recommended in order to ensure speedy transfer of large media files. A wireless adapter would have to be implemented on the car computer. “On the car PC, you should map persistent network drives to the server directories you want to sync with, so that they will automatically reconnect when the computer is rebooted” (Stolarz).

Once the network is set up, an application such as Karen’s Replicator allows automatic synching between the car PC and a home media library. The software can be configured to the actual folders that will be synched and the file types. Karen’s Replicator allows for scheduled synchronization at set time intervals. “Your car PC will attempt to sync every two minutes; if it doesn't find the network, it will fail silently. This means that when you pull up to your house, within two minutes it will find your network and automatically synchronize the folders you've selected” (Stolarz).

Economically, this implementation 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. 

SWOT

Strengths- 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. 
Bluetooth has a lot of strengths such as auto-update and capability of multi-synchronization.
Weakness- The cost of implementation seems superfluous since it is more practical to have the sensors relay information to the local computer.  Additional sensors with wireless transfer capabilities could be added but full scale telemetry seems like a waste of resources. 
Only the basics are standardized; more sophisticated interaction between the ECU and our system will require manufacturer, and in some cases, car specific customizations.

Since Bluetooth it’s a wireless communication, it could falter sometimes or malfunction. In this case, it would become useless.

Opportunities- The team could build the circuits needed for the sensors or use sensors marketed for RC cars. 

There’s a lot of scope of improvement in this field(Bluetooth) such as much longer range of communications, or even using an intermediate device to pair the computer and the car even thousands of miles away. 
Threats- The cost of sensors and wireless transmitting capabilities strain the budget.  It’s more effective to utilize wired connectivity and existing sensors on the car (which are connected to the ecu). Manufacturers may kill our market in the coming years by offering a system comparable to ours as normal optional extras.
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