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1.0 Functional Description

The Real Time Vehicle Telemetry (RTVT) System provides on-board telemetry feedback of a vehicle to the user. It uses Bluetooth to communicate with the On-Board Diagnostics (OBDII) information from the vehicle. In addition, vehicle location is registered by making use of the device's Global Positioning System (GPS) chip. This information, such as speed and gas mileage, will be displayed on a graphical LCD screen on the device. The device will also have an SD Card slot to provide the user with the option of storing the data for future reference on the inserted media. There will be buttons on the device that take in user input, allowing the user to configure the RTVT system.

2.0 Expected Usage Case

The RTVT system will be used in automotive vehicles as a dashboard-mounted system, likely through the use of suction or adhesive.  Due to the semi-permanent nature of the mounting system, it is expected that the RTVT system should withstand the typical environment of an automobile cabin interior.  The information provided by the RTVT system is useful only to the driver of the vehicle, so it is expected that only one person (the driver) would be using the system at any given point in time.  Since we are developing a product that targets all end users of automobiles, we cannot make any swaying assumptions about the technical literacy of our end users, but all users should be expected to be above the minimum driving age.

3.0 Theory of Operation

The RTVT system makes use of information gained from the OBDII port of the vehicle, querying the required information of the vehicle's Controller Area Network (CAN) bus. The device will use the ISO 15765 protocol to communicate over the CAN bus. Communication between the device and the vehicle will be done wirelessly using a standard Bluetooth protocol. To get the location of the vehicle, the device will include an internal GPS antenna chip, allowing the device to query the geographical coordinates of the vehicle. The information from the GPS communication will also be used to determine the system time and date. The microcontroller will interface with these components (Bluetooth Chip and GPS Chip) to get the necessary information to be processed.

The data will be displayed on a graphical LCD screen located on the device. The microcontroller will interface with the LCD screen using a standard I2C protocol, making use of the instruction set specific to the LCD driver to determine what the output looks like. The microchip will also need to detect the presence of an inserted SD Card, and, if so, store the information on the SD card in a fixed format for future reference. The microcontroller will interface with the SD card using Serial Peripheral Interface (SPI). The RTVT system will allow user input to configure the device, adjusting the information that will be input and stored.

Information that the RTVT writes to the on-board SD card can be viewed through a desktop application for analysis. The SD card will be removable and can be inserted into a PC. The application will allow the user to see their GPS location overlaid on a satellite map with instantaneous information available at points along the route. Stats such as MPG, speed, and RPM will be displayed as a graph over the course of a drive.


4.0 Design Constraints

4.1 Computational Constraints

The primary computational functions of the RTVT are focused around real-time mathematical computations for averages. The GPS will ideally update the location every second, requiring new calculations to process the new location as well as arithmetic calculations to compute distance. Other calculations will include conversions of OBD data from its received form to its actual numerical values [1]. Once the values are converted, new averages will need to be computed which will involve a variety of simple mathematical operations. This should not take much computational effort on the part of the microcontroller as they are not complex algorithms. The microcontroller will also need to be able to interface with multiple devices via I2C and UART protocols, namely a GPS antenna, Bluetooth receiver, LCD screen, and SD card, performing all operations (with the possible exception of the SD card) multiple times per second.

In terms of non-volatile memory, most of the data will be stored on the SD card.  However, the RTVT will need some volatile memory to store information relevant to the last sampling of information to display on the LCD, as well as have the information available to calculate the next set of results when sensors are sampled again. It will also be necessary to hold several seconds of data in a buffer to be written the SD card depending on how frequently the SD is written to.

4.2 Electronics Constraints

The major components the RTVT will utilize are as follows: GPS antenna, Bluetooth transmitter and receiver, SD card, pushbuttons, and an LCD screen. The anticipated interfaces for these devices will be either UART, I2C, or SPI depending on the components selected. Ideally a component will be used as an adapter to allow communication with the LCD screen via a standard serial protocol [2]. This will save space on the board as well as output pins from the microcontroller.

4.3 Thermal/Power Constraints

Because the RTVT system will be used in an automobile at all given times of operation, it is expected that the device be plugged in for power during all moments of operation.  Power consumption should fall within a typical range of most portable cigarette lighter charging modules (approximately 1.5-2A). Battery power should not be factor for this project; however, power loss during sensitive operations such as SD card reads and writes could be troublesome.  It may be beneficial for the RTVT system to contain a large buffer capacitance so that any sensitive operations can be completed before power is completely lost.  Additionally, since the RTVT system is a device that can be directly handled by the end user, it is important to make sure that none of the device components overheat to the point where it could injure a user.

4.4 Mechanical Constraints

Since the RTVT system will always be mounted on the dashboard of a vehicle, it is important that the device be small enough that it does not obstruct the view of the driver, while also being large enough that data provided by the display is still clearly legible.  Additionally, automobiles are expected to handle fairly large shocks from potholes and bumps.  The RTVT should be expected to withstand the moderate shock of normal driving conditions.  Since the device is primarily mounted on the dashboard, there are no pressing weight requirements, other than that the dashboard should be able to support the device, and humans should be able to mount it on the dashboard with ease.

4.5 Economic Constraints

The RTVT, while implementing many original ideas and additional features, still would have some level of competition with smart phone apps, such as the Torque application.  To ensure that the RTVT system is moderately priced, the total price of a single unit should not exceed that of a GPS navigation system or mid-range smart phone.  Although it is difficult to target a specific price range due to wild diversity of products in this field, a price range of $200-250 per unit would allow the RTVT to still be competitive with similar products in this field.  There are also a few external devices that customers will have to buy to use this product to its full capacity, namely an SD card, a cigarette lighter phone charging module, and an OBDII Bluetooth module.

4.6 Other Constraints

Since the targeted user would be the driver of the vehicle, any information output from the device must be easy to read and interpret from the driver’s seat while operating the vehicle. This includes text size, color, and backlighting settings. All of the settings must be viable during daylight and nighttime hours, either by having a single setting for all times of day, or being able to easily switch between operating modes. In addition, the device should minimize the requirement for the user to interact with it so as to reduce distractions while driving.

Since the device is not windshield mounted, but rather attached to the dash, the device should not break any windshield mounting laws (it is illegal in most states to attach devices to a windshield [3]). At this time no information was found indicating that it is illegal to mount a small device on top of the dashboard as long as it does not block visibility, though laws may vary by state. Further investigation will be required during the legal analysis section of the project.

5.0 Sources Cited:
[1] Outils OBD Facile (2010) “OBD Modes and Configuration” [Online] Available: http://www.outilsobdfacile.com/obd-mode-pid.php

[2] Sparkfun (2009) “Serial Enabled LCD Backpack.” [Online] Available: https://www.sparkfun.com/products/258

[3] GPS EZ Mount (2014) “DMW Laws.” [Online] Available: http://www.gpsezmount.com/dmv-laws/
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