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1.0 Component Analysis:

	The primary hardware components of our design include an LCD screen, GPS receiver, Bluetooth Transceiver, Microcontroller, and Voltage Regulator. The LCD is the primary user interface of the device, displaying all the gathered information to the user. The GPS receiver logs the GPS coordinates both for later review on the desktop app as well for GPS based metrics. The Bluetooth Transceiver is what will communicate to the vehicle, via a Bluetooth OBD transmitter, and gather all the available information from the vehicle while it is running. The microcontroller will decode and compute the inputs from both the GPS and OBD system. Finally, since the input source is a 5V car charger input and most of the components operate at 3.3V, a voltage regulator will be required. A description and breakdown of the selection of each component follows below.

1.1 Analysis of Component 1: LCD Screen

	The LCD screen is the center of the user interface for the entire product. Outside of the SD card for passing data to the computer app, the LCD may be the only interface the standard user may use. The LCD is responsible for both displaying all of the information that the device is able to compute and record and also have to potential to take input should it be a touchscreen (otherwise push buttons of some type must be used). When looking at LCDs we looked at 3 types: character display, pixel display, touchscreen display. Each type of display has pros and cons: more features bring higher cost, but a better looking and more customizable display. The LCD must also be in a format that can be easily mounted away from the PCB (different direction) and then be interfaced to without adding too much complexity overhead to the PCB.

Character display: 20x4 Character Display LCD (Adafruit) [1] 

	Character displays have the benefit of being very simplistic, but the downside of not having much customization. Character displays also carry the added benefit that, as a team, we have interfaced with them previously in ECE362. This display in particular has 20 characters wide with 4 rows, as well as an optional backlight. This display takes 2.7v as high, thus allowing for 3.3v and 5.0v operation so it should be able to interface with any type of microcontroller without a logic level translator [2]. The entire LCD unit backlight and logic requires a total of 380mA of current which is well within our 1.5A project input (depends on the final selected charger)[2]. 20x4 was the largest character display LCD we were able to find that was common across suppliers (Adafruit, Sparkfun, etc.) that came in a well packaged format. This LCD is roughly 10cm x 2.5cm which is a bit short, but acceptable for our purposes [2]. However, the nature of this character display prevents any sort of font size scaling that can be programmed in or set by the user if the text is not readable. Finally, at under $20 price tag, the LCD is very affordable. 


Pixel Display: 160x128 pixel Serial Graphic LCD (Sparkfun) [4]

	This display is available with [4] and without [5] the Sparkfun LCD backpack [6]. The backpack allows for a serial connection to the LCD and multiplexes the output from the serial input to the parallel input of the LCD. This allows for a simple hardware interface and less ports off the microcontroller to be needed, however for a final design the backpack would most likely need to be replaced by our own PCB components. The LCD only requires a total of 200mA and runs at 5V which is once again within our power supply capabilities. This LCD is much larger than the character display at 10cm x 13 cm [5] and is bordering on too large for our design as it is taller than we were hoping for. The ease of individual pixel control and lack of breaks in continuity for different rows allows for graphics on the screen as well as a lot of customization in terms of scaling font size and custom arrangement of information on our project. This could allow for a large text mode that only displays a few, or certain data types (such as speed and RPM) in a larger, easier to read font, and keep less immediately important stats (fuel level, mpg) at a smaller font. At $50 [5] without the backpack this LCD is quite a bit more expensive than the character display, and would have a direct effect on consumer price point.


Color Touchscreen LCD Display: 3.5in 480x320 Touchscreen Breakout w/ MicroSD (Adafruit) [7]

	This display immediately caught our eye due to its size, color display, touchscreen, and price point. This display has the benefit of including touchscreen capabilities. The touchscreen interface only adds a 4 pin requirement to the microcontroller, and functions via ATD conversion [7][8]. This provides the benefit of not requiring buttons on the product since all interfacing can be done via the screen: both user input and output. This LCD allows for interface via 8-bit parallel or SPI which gives us freedom in how many pins are used to interface with the display (SPI does have a throughput penalty compared to parallel). The breakout board that the LCD resides on provides the benefit of easy mounting away from the PCB and reducing the number of connections needed on the PCB (the LCD is ultimately driven by ribbon cable). This 3.5in screen is 5.5cm x 8.5cm in size [7], which is on the smaller end of our desired range, however having mocked up the size of the screen it should be large enough for our purposes. The smaller size of the color pixel display is not necessarily a drawback. The added contrast of multiple colors allows for smaller font sizes and graphical icons. This display runs off of 3.3v power and logic (and can accept 5v logic) which has the immense benefit of allowing the display to run off the same voltage as the majority (if not all) of the other components. The display also only requires 150mA due to power regulation built into the breakout board [7]. The $40 price point [7] for this device also makes it very appealing: it is far more affordable than the pixel display, and while more than the character display, there are cost savings in reduced hardware on our PCB as well as no need for push buttons.











	Feature
	20x4 Character Display
	Black and White Pixel Display
	Touchscreen Color Pixel Display

	Display Type
	Character
	Pixel
	Pixel

	Pixel/Character Count
	20x4 Characters
	160x128 Pixels
	480x320 Pixels

	Color
	No
	No
	Yes

	Touchscreen
	No
	No
	Yes

	Screen Size 
	10x2.5 cm
	13x10 cm
	8.5x5.5 cm

	Voltage 
	5V
	5V
	3.3V

	Max Current (w/ Backlight) 
	380 mA
	200 mA
	150 mA

	Price (Approximate) 
	$20
	$50
	$40

	
	
	
	CHOSEN



	Ultimately we have selected to go forward with the 3.5in Color Touchscreen LCD. This LCD is not only the highest resolution, but also color and touchscreen. The increased cost over the character display is compensated for by the breakout board and removing our requirements for buttons for input. The screen is a little smaller than ideal but should be made up for with the color and pixel display options. This board also has the added benefit of operating at 3.3V and a very manageable maximum current. Finally, Adafruit (the supplier of this particular board/LCD system) provides a very well document open source software library for Arduino that we can study from to create our own library for our Atmel microcontroller.

1.2 Analysis of Component 2: Bluetooth

The Bluetooth module is a critical component of the device. It allows the main device to be repositioned and adjusted without the limitation of wires to be connected to the OBDII port of the vehicle. It also provides the flexibility for the user to remove the device from the vehicle if necessary. The performance of this component is critical to the performance of the RTVT, as critical information must be processed in real-time, and errors in communication must be minimized as much as possible.

Three different modules have been found to meet these requirements: RN-41 [9], RN-42 [10] and BC127[11]. The specifications of these modules have been studied to find the best fit for the RTVT device.

Due to power constraints, from using the electrical port of the vehicle for power, we require a component with low power consumption, such as the RN-42. Generally, for RF modules, lower power consumption means lower effective range. Long range is a feature we are willing to forego, as the device is meant to be in the same vehicle as the OBDII Bluetooth transmitter. The close proximity means that RF range is not a critical factor in the decision.

Another factor to consider is the capability of the device to handle multiple Bluetooth protocols. With a module that can handle more protocols, the user will be granted the flexibility to choose and replace the OBDII Bluetooth transmitter with other off-the-shelf equivalents. For example, the RN-41 and RN-42 support GAP, SDP, RFCOMM and L2CAP protocols. 

Finally, the last factor to consider is the ease of interfacing the microcontroller with the Bluetooth module. All of the shortlisted Bluetooth modules were chosen for their UART interface, allowing for faster data transfer.

Other factors have also been considered, but they are deemed non-critical to this application.

	Feature
	RN-41 [8]
	RN-42 [9]
	BC127 [10]

	Power
Consumption (connected)
	30 mA
	3 mA
	15 mA

	Typical Transmit Power
	16 dBm
	4 dBm
	4 dBm

	Supported Bluetooth Protocols
	GAP, SDP, RFCOMM and L2CAP
	GAP, SDP, RFCOMM and L2CAP
	HFP, A2DP, AVRCP, PBAP and SPP 

	Form Factor
	13.4 mm x 25.8 mm x 2 mm 
	13.4mm x 25.8 mm x 2 mm 
	11.8mm x 18mm x 3.2mm 

	Max Data Rate/ Typ. Data Rate
	3 Mbps / 1.5 Mbps
	3 Mbps / 1.5 Mbps
	3 Mbps / 1.6 Mbps
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1.3 Analysis of Component 3: GPS receiver

Choosing a GPS receiver module was contingent on a number of different restrictions and features.  GPS receivers have a number of technical metrics and interface standards that need to be taken into account when selecting a module.  For our purposes, the time to first fix, power consumption, data transfer interface, number of satellite tracking channels, horizontal positional accuracy, and antenna integration are all features that played into our final decision of a GPS module.  Throughout the part search process, three parts were considered: the GlobalSat EM506 [12], the Maestro A2200-A[13], and the Linx Technologies 712-RXM-GPS-R4-T module[14].  Metrics are compared in the following table:









	Feature
	EM506 [12]
	A2200-A [13]
	712-RXM-GPS-R4-T [14]

	Time to First Fix
	35 seconds
	35 seconds
	32 seconds

	Power Supply Current, typical
	50 mA
	52 mA
	56 mA

	Data Interface
	UART (NMEA)
	UART (NMEA)
SPI
	UART (NMEA)

	Channel Count
	48
	48
	48

	Integrated Antenna?
	Yes
	No
	No

	Positional Accuracy
	2.5 meters
	2.5 meters
	2.5 meters
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Ultimately, the parts that we selected for consideration were almost identical in terms of their GPS characteristics.  The channel count, positional accuracy, time to first fix, and power supply current were all around the same.  The only significant differences in parts arose in the data interface format and the antenna integration.
Every GPS module that we considered utilized the NMEA 0189 standard for data transmission.  The NMEA standard is a maritime informational transmission standard that is specified to use an asynchronous serial interface.  This is interpreted in most devices as a UART interface.  However, the A2200-A has the ability to use SPI as an output standard.  SPI is easier to interface with at the software level; however, the microcontroller we selected has UART channels that do not require significant software intervention.  For this reason, the data interface is not as important of a factor as others.
The main difference between these parts is in the form factor.  GPS modules are sensitive elements that operate in a very specific band of RF communication.  To achieve this, GPS modules must attach to a highly tuned antenna, typically produced from ceramic materials that amplify signals only in certain frequency ranges.  Since these devices are so dependent on precision antenna equipment, a decision was made that the module used on the RTVT system would have an integrated antenna.  This will ensure that no issues with the device arise from a misplaced antenna or RF signal issue.  It was mostly for this reason, and the fact that the EM506 is a very popular hobbyist GPS component, that the EM506 was selected as the GPS receiver module.

1.4 Analysis of Component 4: Microcontroller

The choice of microcontrollers for our project ultimately comes down to a PIC vs. Atmel (AVR) system. An ARM system is much more powerful than our system requires. PIC systems are more targeted at industrial systems while Atmel does have a stronger hobbyist background; however, this does not preclude either platform from use. PIC controllers tend be to cheaper, especially in large batches for production. Atmel provides the advantage of having hobbyist and community support meaning that documentation and programming libraries are more widely available; this would allow us to view, learn from, and extend existing libraries for some of our components. As an added bonus the Atmel studio is based on the GCC compiler for C and C++ meaning that standard C libraries, with which we are very familiar, are available for use via the AVR-Libc package. 

	Feature
	PIC18F67J11 [18]
	ATxmega128A3 [19]

	Data Bus Width
	8 bit
	8 bit

	Clock speed
	48 MHz
	32 MHz

	# of pins
	64
	64

	# SPI connections
	2
	10

	# UART connections
	2
	7

	# I2C connections
	2
	2

	# Analog to Digital converters
	11
	16

	Timers
	5
	7

	Flash Memory
	128KB
	128KB

	SRAM
	3,904bytes
	8KB

	Operating Voltage
	3.3V
	3.3V
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Both chips provide more than enough UART (2) and SPI (2) connections, as well Analog-to-Digital converters. The PIC is clocked faster, however we do not foresee clock speed being a critical parameter and 32 MHz should be adequate. We have chosen to proceed with the ATxmega128A3 Atmel microcontroller. The main reason for this is the strength of the AVR family in rapid prototyping and software options. The AVR provides more serial connections than our design requires, however this does provide some flexibility especially in the prototyping phase of this design. We are also hoping to have a rich set of software features on board the device, including extensive flexibility in the display settings that allows for some user customization. In a full commercial production the PIC would be a better choice as it has a significantly lower price point, and is more of an exact match. However, while trying to create a prototype design, having some flexibility in pin count and interface diversity adds a certain amount of safety.

1.5 Analysis of Component 5: Voltage Regulation

Since the RTVT system must interface with parts with varying voltage supply ranges, it was apparent that some form of voltage regulation would have to be used.  The highest voltage rail on the RTVT system is 5 volts, for the GPS module power.  The rest of the devices on the system and all data busses will use 3.3 volt levels.  The voltage regulator will also be required to source a fair amount of current, upwards of about 500mA.  Two main regulator technologies were considered: switching regulation and linear regulation.
Switching regulators, compared to their linear counterparts, have a very high efficiency.  Switching regulators use an internal transistor and feedback circuitry to control output voltage independent of the voltage at the input.  Linear regulators, on the other hand, are designed to burn the excess energy of the voltage step-down process as heat.  For this reason, switching regulators do not generate as much heat and are much more energy efficient than linear regulators.  However, switching regulators have the significant drawback of producing noise on the output line, and electromagnetic interference when the device is in operation.  
The only two components of the RTVT system that operate using RF signal processing are the GPS module and the Bluetooth transceiver.  GPS data is transmitted in the 1575.42 MHz band for civilian usage, and Bluetooth transceivers work around 2.4 GHz.  Semtech SC189 series [15] switching regulators switch around 2.5 million times per second, and it is likely that EMI will be produced from the switching regulator in the 2.5MHz frequency range.  Because the frequency of the switching regulator is orders of magnitude lower than the GPS and Bluetooth frequencies, it is unlikely that the switching regulator will cause any interference with these devices.  GPS operates on approximately the 629th harmonic of the switching regulator and is unlikely to be affected by this relatively low frequency interference.  As such, the RTVT will utilize the Semtech SC189 series switching regulator [15] for its excellent efficiency and low heat dissipation, as opposed to the LM3940 [16] from Texas Instruments.

	Feature
	LM3940
	SC189ZSKCT

	Input Voltage Range
	< 7.5 V
	2.9-5.5 V

	Output Voltage Range
	3.20 – 3.40 V
	3.3 V

	Maximum Output Current
	1 A
	1.5 A

	Regulation Technology
	Linear Low Dropout
	Switching @ 2.5 MHz

	Efficiency
	~60%
	92% @ 500 mA
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