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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.  He also made the website.
· 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
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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: image1][image: image7.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. The

.

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 HW 5 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. 

SWOT

Strengths
Bluetooth is capable of various functions these days including data transfer, or just as a means of audio communication.
The navigation system needs at least three satellites to perform its functions, but this GPS receiver will have the capabilities to connect to up to twelve satellites simultaneously. This update will make sure that at any given time the system would be connected to at least three satellites, so that the chance of losing the navigation signal would be extremely low.
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.
The telemetry system has four main strengths.  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 that can be properly analyzed by aforementioned sensor use.  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.

802.11n technology provides great reliability and range as a wireless network solution.  The less time needed and the greater the reliability in transferring files, the less time the car has to be on/ less battery the car computer utilizes.  This function implementation consists of minimal components and needed software.
Weakness
Bluetooth has not been developed to its full potential yet.  Peripherals generally have their own battery power which may not last as long as desired.
The weaknesses of GPS system is that the loss of signal under certain condition such as: tall building, mountains and Tunnels.
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.

The telemetry system has two main weaknesses.  The budgetary constraints and the onboard computer make the need for a separate receiver and wireless transmission (as per telemetry) 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.

802.11n may be too costly and too early to implement.  This implementation requires the use of an existing home network.
Opportunities
In the future, there will be other uses for Bluetooth and a scope of improvement.  The range of Bluetooth will most likely expand in the future.
It's easy to see that GPS is quickly becoming indispensable to our everyday lives. Consequently, the technology needs to be robust and ultra reliable. Once the use of GPS in cars becomes widespread, 'location services' will be able to offer roadside assistance, traffic updates, route planning and shopping guides.  Another opportunity in GPS system would be to increase its accuracy. The accuracy will serve more safety and reliability to people.

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.

There is a lot of flexibility in the choice of sensors to be used which can reduce potential strains on budget or implementation.
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.

Threats
The major threat to GPS is its owner, or more specifically the fact that it has only one owner: the US military. While there's no reason to believe the US will limit the availability of the GPS in the future, we live in an uncertain world. The outbreak of war or some unforeseen event that changes international relations could see the US turn off GPS or alter its accuracy.
OBD-II will be phased out at some future point.

Clearly, this project is getting quite complex 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.
Website

A beta version of the team’s project website is online at http://ainc.revan.us.  There is not much there now, but it will be continually expanded and improved over the course of this project.
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� � HYPERLINK "http://pinouts.ru/Devices/car_obd2_pinout.shtml" ��http://pinouts.ru/Devices/car_obd2_pinout.shtml�  
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