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[bookmark: _Toc340695656][bookmark: _Toc342599358]Goals
The overall goal is to develop a platform that simplifies getting into robotics by supplying mobility and communications.
The entire platform must cost under $500 for the user to purchase. Ideally it will be $300, however this price may be impossible to accomplish.
The platform must be very easy to use – a degree in engineering must not be required to start using it. Advanced features may be harder to use, but it should be possible for a college freshman, and possibly a younger or less experienced person, to use the platform.
A regular PC will be used for the base. Control software will need to be developed.
More specific goals are split into different versions of the platform.
[bookmark: _Toc342599359]Version 1 goals
The goals for version 1 are as follows. They are the basis for the requirements documents in section 6.2. Version 1 can only be considered complete when all the goals listed here have been met. Figure shows the order in which the goals need to be met.
Reliable
Doesn’t break when dropped from less than 12 inches
Doesn’t break when it hits a stationary object while moving
Doesn’t lock up for strange reasons
Base/Robot wireless communication
Moves somewhat fast
Minimum numerical speed TBD
Detects & avoids obstacles
Needs to avoid objects that are perpendicular to the ground, made of a material that reflects sound, and are at least 1” wide, by at least 6 inches.
Needs to detect all other objects, but does not need to immediately avoid them (i.e., use bump sensors)
Creates a map of the area it has covered, and knows its position & orientation on that map
If it is power-cycled, it will assume it has not moved
Able to manually clear its map, to be used if it has moved
Two dimensional only – only one altitude/level (no stairs, elevators, etc.)
Map should be accurate to +/- 6 inches
Map should have at least 300’ x 300’ maximum size
Sends its map to the base, and receives map from base
The base can then display the map to the user
The base can save the map, and later can send it back to the platform for the purpose of backups
Goes to a point specified by the base
The user tells the base what point that is, by looking at the map sent by the robot
Should get to +/- 12 inches of where the point really is
Works for at least 2 hours on a single battery charge
Capable of having a payload
Numerical limits TBD in version 2
Should not interfere with platform’s operations (prevent movement, knock it over, etc.)
This version does not have a specified payload/platform interface – any commands the payload needs will need to be designed by the user.


[bookmark: _Ref340697908]Figure: Version 1 goal order
[bookmark: _Toc342599360]Version 2+ goals
The goals of version 2 are still a work in progress. Some of these will need moved to a version 3 or 4, and may be removed from the list. 
Payload capability 
It will need to conform to the robot’s specs
voltage, interface, physical connection
Test payload, for testing
Charging station
Works within desired temperature range
Reliable
Can fall a short distance, doesn’t break, etc.
Builds on similar goal in version 1
Larger command set for base/robot and robot/payload
GUI for base
With ability for user to write an extension program
Map and navigation should be accurate within 4 inches
Should cost under $TBD, not including custom parts
Some amount larger than the final goal, but low enough we can build 2 or 3 robots
Can handle multiple rooms, hallways, etc.
Can find where it is on the map after power-on
Lots of documentation, with details and explanations
Requirements
Block diagrams
Schematics
How-tos
Command descriptions
Support multitudes of robots
Detects when the floor ends
Able to read landmarks external to the robot
Like the robots by Kiva Systems – they read barcodes on the floor
Look into things cheaper than ultrasonic sensors, or maybe build our own
[bookmark: _Toc340695658][bookmark: _Toc342599361]Work done
[bookmark: _Toc342599362]Spring 2012
Before the Spring semester, and during the first several weeks, we defined the general problem and developed a set of requirements for the project. Once we had a timeline, system block diagrams, and a set of requirements, we were able to choose the parts to use to build the first prototype, most of which remain on the latest design, and which can be found in the appendix.
Once the hardware was assembled, we took several pieces of existing code and put them together. The rest of the semester was spent working with the ultrasonic sensor and writing the code for obstacle avoidance. The amount of time spent with this sensor put us behind schedule, as we had anticipated the sensor working in most cases within two weeks. This was not the case.
See the following figure for a picture of the robot at this time.

By this point it was becoming very hard to manage the circuit on breadboards, so the decision was made to begin planning actual PCBs. We decided to use a rack system with a motherboard, controller board, and multiple daughter boards, which would allow us to place each sub-system on its own circuit board. We could not find a pre-built solution, so we designed our own.
[bookmark: _Toc340695659]We designed the mechanical structure using Autodesk Inventor. Rick Sparber then built the pieces out of metal. We also began creating schematics for the circuit boards, and ordered the parts we expected we would need for the new PCBs.
[bookmark: _Toc342599363]Summer 2012
[bookmark: _Toc340695660]During the Summer we continued making schematics for the circuit boards. By the end of the summer we had draft schematics for three of the circuit boards.
[bookmark: _Ref342048555][bookmark: _Toc342599364]Fall 2012
In the Fall we finished designing the new PCBs. The existing designs were heavily modified to correct errors and add additional functionality, and the rest of the designs were completed. The boards were then laid out in preparation for production. This took significantly longer than expected, and put us further behind schedule.
Once the boards were designed, we had MyRO PCB build the circuit boards, and ordered the rest of the new parts needed for the designs. Once we received all the parts we assembled the second prototype.
At the same time, we tested the new designs and found issues with the motherboard and two of the circuit boards. The connectors on the motherboard do not line up perfectly with the slots on the board guides, which results in two of the slots being unusable in their current state. We can cut into the board guide to make the slot larger to fix this. The motherboard design should be modified before building additional motherboards to resolve this.
The controller board’s main connector to the motherboard had an incorrect pinout. During the final days of designing the new PCBs, we changed the pin-out of the connector on the controller board to make the motherboard easier to route and to have more power pins. We changed the spec and the motherboard design, but did not change the controller board design. When the boards were assembled, a short was formed between every power rail and ground when the controller board was plugged in. Nothing appeared to be damaged, as the protection circuit in our battery detected a short and shut off. We were able to salvage the board by removing some ground pins on the controller board.
The power board had multiple problems. The pinout for the CD4001 quad NOR gate was incorrect. We used a part in the standard library labeled as this part, but which was actually a different part. We fixed this by cutting the wrong pins off the IC and soldering wires from the pins to the correct pads on the board. The critical sensor on the board has several issues. One of the inputs to the op-amp was connected to the power output from the battery, allowing some power to trickle through when the power switch was off, so that trace had to be cut on the board. After inspecting the design, we realized that the design of the sensor was wrong – it does not even look like an amplifier. We have not yet fixed this issue, as we are waiting until that part of the circuit is needed. 
[bookmark: _Toc340695661]After assembling the circuit boards and while testing them, we started writing the software. We did not get very far here, as there was not much time left of the semester.
[bookmark: _Toc342599365]Accomplishments and failures
The appearance and potential functionality of the platform has increased significantly this semester. After a lot of work is put into writing software, it will meet most of the goals for version 1.
[bookmark: _Toc342599366]Falling behind schedule
By the end of this semester we were significantly behind schedule. There are two reasons for this. First, the schedule assumed there would be 2-3 people working on the project this semester, with at least a minimal knowledge of circuits and programming. Instead, there was just one person working on the project, meaning only one thing could be done at a time. This will be prevented by stating assumptions such as this before every timeline.
Second, designing the new PCBs took significantly longer than expected. This was the first time we had designed completely custom circuit boards, and thus we under-estimated the time it would require. There is no good way to prevent this in the future – when doing something for the first time, it is impossible to know exactly how long it will take – but we can help reduce the risk of this happening by scheduling extra time for everything. Thus, the timeline in 6.1 has twice the amount of time scheduled that we think each stage should reasonably take with more than one person working on the project. It is still very likely that some things will take more or less time than scheduled.
[bookmark: _Ref342597129][bookmark: _Toc342599367]Problems in new circuit boards
The connector on the controller board had an incorrect pinout. Details of this problem are in section 2.3. This problem would not have happened had we done thorough final review of all designs before sending them to the fab house.
Two of the connectors on the motherboard are also off. This is because of a flipped sign in one of our calculations – upside-down boards need their connector to be offset in one direction, and upside-right boards in the other. Multiple reviews of the calculations did not uncover the error. We even printed the design on paper to see if everything lined up properly, but that method is only accurate to a couple millimeters. Thus, we decided this was an acceptable failure in a prototype, which will be fixed in the next revision of the motherboard. The slots in the plastic board guides can be cut larger if we need to use those two board positions.
The issues in the power board were due to insufficient checking of the design. The incorrect pinout would have been discovered if the pinout in the program was compared with the pinout in the datasheet for all parts. The other issues would have been discovered if the design had undergone a thorough evaluation before being built. Individual components of the design were evaluated, but were then modified after evaluation.
[bookmark: _Toc342599368]Lack of documentation
This problem occurs every semester: we do not document our progress and mistakes enough. This semester this problem was not as bad as in the past, however improved documentation of our progress will help when we need to know why a decision was made or how to fix an error that re-surfaces.
[bookmark: _Toc342599369]The Future
The medium-term goal for the future is to complete version 1. Some of the work required to do that is given here.
[bookmark: _Toc342599370]Additional obstacle avoidance hardware
We will need additional ultrasonic sensors or alternative sensors to better detect obstacles. Additional research is needed in this area.
We will need bump sensors as a final sensing method. These are needed because ultrasonic sensors, infrared sensors, and other types of distance sensors can never detect 100% of obstacles. A potential design is described on the retrointerfacing blog[footnoteRef:1] that uses guitar string, which bends when it touches an obstacle to complete an electrical circuit, acting as a switch. [1:  http://retrointerfacing.com/?p=366] 

[bookmark: _Toc342599371]Wireless hardware
Wireless capability is required for the platform and the base to communicate with each other. We have several options here.
A very common wireless module is the XBee, which is used on the ArduPilot, a popular UAV system. However, this modem is made by Digi, a company that we have had very bad experiences with in the past. In particular, their customer support is virtually non-existent and their drivers do not always work. Thus, we would like to find an alternative modem.
One possibility that we found is the Atmel AT86RF231, a 2.4GHz 	transceiver IC with a 3dBm output. A small development board is available that includes the antenna and all required circuitry, so we would simply interface with the modem using SPI. In the far future, when we move to a cheaper production design, we could then buy the IC, currently priced at $2.65 at Avnet, and build it into our circuit board. This would, of course, require knowledge of antenna design, among other things. However, by that point we expect either a member of our team would be capable of doing that, or we would be able to have someone else do that component of the design. The biggest concern with this part is that it does not give an expected range. We can estimate it to be at least 400ft, as that is the range of the XBee with the same power output, and both modems use the same communication standard, and the AT86RF231 contains additional circuitry and dual antennas to try to increase its range. However, by using its given link budget of 104 dB, we can use the formula for free space loss[footnoteRef:2] to estimate a range of up to 1 mile in ideal conditions, including no atmosphere. [2:  FSPL(dB) = 20*LOG10(distance in km)+20*LOG10(frequency in GHz)+92.45
Source: Wikipedia] 

The Atmel AT86RF212 is very similar, but runs at 900MHz and has an output power of 10dBm. With this higher output power we would expect similar results to the AT86RF231, but with a longer range. There is no similar XBee to compare it to, but it would be between the 400ft of the 2dB XBee and the 1 mile of the 17dB XBee. The free space formula estimates a range of up to 6 miles.
We looked at using a Nordic modem, as they are very inexpensive, however none of them have a high enough range for this application. Thus their modems are not feasible.
Another possibility is WiFi. However, it is impossible to get a long range with this standard without using high-gain antennas, so this option is also not feasible.
Given these options, we would recommend purchasing and testing the Atmel RZ600 evaluation kit, available for $179 from Atmel or $177.50 from Avnet. This includes two each of the AT86RF212 and the AT86RF231, one with a USB plug and one with an SPI connection.
[bookmark: _Toc342599372]Dead reckoning
The robot needs to be able to determine where it is and what direction it is facing. This is necessary to record what it sees on a map, to ensure it is going in the correct direction relative to its map, and to determine when it has reached a destination.
There are several ways we have considered to do this. The most obvious, and perhaps the easiest to implement, is GPS. However, the accuracy of GPS is not sufficient for our application, and thus it will not work. We may, however, use GPS for the first prototype, or to supplement the rest of the dead reckoning circuitry.
An IMU, a combination of an accelerometer, gyro, and magnetometer, could be used to read acceleration, angular velocity, and magnetic fields, respectively. The acceleration could then be integrated in real-time to obtain linear velocity, which could then be combined with the angular velocity to obtain position. Our experiments with this in the past were not successful, however by taking a very large number of data readings (at least a couple dozen per second; experimentation is needed here) and combining the result with the data from a magnetometer we anticipate more accurate results. We also found a magnetometer that returns actual compass heading, the HMC6352, but it appears to lack sufficient accuracy. It does have a calibration mode, and others have been able to use it with acceptable accuracy, so we think with further testing and experimentation we will be able to use it.
Optical encoders have already been installed on the motors, and can be used to determine how many rotations each wheel has turned. From this we can determine the speed at which the robot is moving. However, in practice, the wheels of the robot do not spin flat on the ground – they skid when making sudden maneuvers and when turning – so this data may be inaccurate. We have not yet tested them.
Commercial dead reckoning solutions are also available, but they cost several hundred dollars or more, and thus are monetarily impractical for this project.
[bookmark: _Toc342599373]Map creation
The feature we need to implement that will be most impressive is map creation. When the robot moves around, it needs to create a map of what it sees, then update it the next time it traverses the same area. This requires first getting obstacle avoidance and dead reckoning working, so the robot is able to maneuver and determine where it is. Only then can we accurately record what the robot sees and refer to that later.
[bookmark: _Toc342599374]Name
Every project needs a good name. We are thus looking for a name for the project that is more interesting, and hopefully more descriptive, than “autonomous robot platform”.
[bookmark: _Toc340695662][bookmark: _Toc342599375]How to re-construct the platform
[bookmark: _Toc342599376]Make the PCBs
The detail of the PCBs for the robot makes it impossible to etch them manually. Thus, their production must be outsourced. We had good results using MyRO PCB.
Before making additional robot platforms, we recommend updating the design of the boards to correct their errors.
[bookmark: _Toc342599377]Assemble the PCBs
Once the PCBs are on hand, they must be assembled. The BOM gives the parts numbers, which can be lined up with the markings on the boards and on the schematic. Some boards have errors in their design, which require extra detail to correct when assembling.
Two of the boards, the controller and the power board, contain surface mount components. It is not recommended for a beginner to solder those. In particular, the SMD ICs on the controller board require extra care to line up with the pads.
[bookmark: _Toc342599378]Make the custom parts of the platform
Some custom parts must be built for the mechanical structure. The CAD drawings of those are given in the appendix.
Rick Sparber has a mold that can be used with a plastic injection molding machine for the board guides, making their production trivial. Plastic clothes hangers work well as stock material.
The top and bottom plates can be cut on metal-working machines, a CNC machine, or a laser cutter, depending on the material. We used metal plates cut on a mill, but would like to experiment with acrylic plates cut with a laser cutter to possibly make production faster and easier, and to cut down on weight.
The sensor mounting pole should be made out of a hex shaped rod. Metal works very well for this.
If a machine shop and an experienced person are not available, production of these parts can also be outsourced. We have heard good things about Ponoko[footnoteRef:3], but have never used them, or any other company that laser cuts custom parts. Doing so may require re-drawing the parts. [3:  https://www.ponoko.com/] 

[bookmark: _Toc342599379]Assemble the platform
Once the parts are all on hand, the platform can be assembled. Follow the instructions from the 4WD Robot Platform to assemble the motors and the bottom of the base. The curved front and back plates will not fit; do not install them.
The bottom plate, above the motors, is the first custom part. Screw the board guides to the top and bottom plates with 6-32 screws. The head should be on the opposite side of the plates from the board guides. Use a nut on each screw to hold the screw in place; the flat side of the board guide should hold the nut in place while turning the screw. A small amount of plastic may need to be cut away from the board guide.
Use nine 6-32 screws and nuts to attach the motherboard to the three center board guides. This should be done before the board guides are fully tightened. The screw head should be on the same side of the board guide as the motherboard, and the nut should be on the opposite side.
Use Velcro to attach the battery to either the bottom of the rack assembly or the inside of the motor compartment.
The entire rack assembly can then be attached to the 4WD Robot Platform with four M3 screws. Attach a stepper motor to the front mounting holes, and attach the ultrasonic sensor pole to the motor shaft with a set screw. 
[bookmark: _Toc342599380]Connect all the sensors
Solder a connector to the ultrasonic sensor, and attach it to the bottom position of the sensor pole. There are no other sensors for the current design.
Solder the connectors to the battery, power switch, stepper motor, and the four DC motors.
[bookmark: _Toc342599381]Build the programmer
Build the following circuit on a breadboard. uP1 is an Arduino Pro Mini 5V/16MHz. Leave IC1 and P1 empty, and connect D5 to pin 19 rather than 15. Avoid pressing the reset button on uP1 while C1 is connected to prevent potential damage to the pushbutton.

With C1 removed from the circuit, connect an FTDI programmer to the uP1. Open the Arduino software and download the example sketch “ArduinoISP” to it. Replace C1.
[bookmark: _Toc342599382]Set up the microprocessors
The last step is to prepare the microprocessors. How to do this is different on every computer, and depends on the OS, how the microprocessor is connected, what drivers are installed on the computer, and a number of factors that would seem irrelevant at first. The best advice we can give on this is to find someone who has done this before to help.
The steps that must be followed will resemble the following:
Connect an AVR in-system programmer to the 6-pin ISP connector on the controller board, while the board has power.
From the Arduino software, select “Arduino Mega 2560 or Mega ADK” for the board, select the appropriate programmer, and select “Burn Bootloader”.
When this finishes, the status light should begin blinking. If this does not happen, find someone experienced to help, or spend several hours trouble-shooting.
Find the configuration file for avrdude. This is usually in <Arduino folder>\hardware\tools\avr\etc\avrdude.conf. Open it and find the section titled “ATmega328P”. Change the signature to 0x1e 0x95 0x14 (instead of 0x1e 0x95 0x0F). Save. (To use a standard Arduino, this will need changed back.) 
Connect an ATmega328 to IC1 on the breadboard programmer.
Open the Arduino software and select “Arduino Pro or Pro Mini (5V, 16MHz) w/ ATmega328” for the board, select “Arduino as ISP” for the programmer, and select “Burn Bootloader”.
When this finishes, the status light should begin blinking. If this does not happen, find someone experienced to help, or spend several hours trouble-shooting.
Repeat steps 5 through 7. These two microprocessors go to the motor and ultrasonic boards.
Repeat steps 5 through 7, but select “Arduino Pro or Pro Mini (3.3V, 8MHz) w/ ATmega328” for the board instead. This microprocessor goes to the power board.
Finally, Install the three microprocessors in their boards.
Each of the four boards can be used as an Arduino, with an FTDI header for programming. Code does not currently exist for these new boards.
[bookmark: _Toc340695664][bookmark: _Toc342599383]Appendices
[bookmark: _Toc340695665][bookmark: _Ref342570868][bookmark: _Toc342599384]Timelines
All dates are given as a month and year. The day is assumed to be the last day of the month, unless otherwise specified.
[bookmark: _Toc342597286]Overall timeline
	Version
	Desired date
	Actual date

	1
	2013 December
	

	2
	TBD
	



[bookmark: _Toc342597287]Version 1 timeline
This timeline assumes two people are working on the project, each with at least a minimal knowledge of digital circuits and programming.
Summers are included in the previous Spring; winters are included in the previous Fall.
	Semester
	Goals
	Desired date
	Actual date

	1
	Robot can move
	2012 March
	2012 March

	
	Ultrasonic sensors working
	2012 March
	2012 March

	
	Detects and avoids obstacles
	2012 June
	Partially complete

	2
	No more breadboards
	2012 October
	2012 November

	
	Update requirements
	2012 December
	

	3
	Code for new hardware
	2013 January
	

	
	Compass working
	2013 February
	

	
	Basic map creation
	2013 May
	

	
	Wireless Communication
	2013 August
	

	4
	Sends map to base
	2013 September
	

	
	Basic base – tells robot to go to a point
	2013 October
	

	
	Map accurate to +/-6 inches
	2013 November
	

	
	Version 1 complete
	2013 December
	



[bookmark: _Toc340695666][bookmark: _Ref340697787][bookmark: _Ref340697805][bookmark: _Toc342599385]Requirements documents
The current requirements document is extremely outdated, and needs updated. Once that is done, we will have either 9 different documents, or one document with 9 sections, as follows:
“Robot Platform” is the general document with the requirements for the entire platform. This includes both requirements that reach over all aspects of the platform (reliability) as well as mechanical requirements for the robot (size of the wheels).
“Base” has the requirements the base must meet.
“Motherboard”, “Controller”, “Power”, “Motor”, “Ultrasonic”, “Dead Reckoning”, and “Wireless” are for each of the PCBs. Each of them also includes the parts that connect to these boards; for example, the motors are included in the “Motor” document.
[bookmark: _Toc342599386]Parts Lists
The parts needed to build the platform, with the exception of the parts for the circuit boards, are listed below. Components for each of the circuit boards are in section 6.6 instead. Not all parts for the breadboard programmer are included. Parts are listed in no particular order. In addition, one each of all the circuit boards in order 4 will be needed. This list is most likely incomplete.
	Name
	Part No
	Each
	QTY
	Total
	Supplier

	DFRobot 4WD Platform
	RB-Dfr-15
	$51.00 
	1
	$51.00 
	RobotShop

	DFRobot Wheel Encoders
	RB-Dfr-46
	$12.95 
	2
	$25.90 
	RobotShop

	Arduino Pro Mini 328 – 5V/16MHz
	DEV-11113
	$18.95
	1
	$18.95
	SparkFun

	FTDI Basic Breakout – 5V
	DEV-09716
	$14.95 
	1
	$14.95 
	SparkFun

	FTDI Basic Breakout – 3.3V
	DEV-09873
	$14.95 
	1
	$14.95 
	SparkFun

	XL-Maxsonar EZ0 Ultrasonic Range Finder
	SEN09491
	$49.95
	1
	$49.95
	 SparkFun

	Atmel AVRISP mkII In-System Programmer
	ATAVRISP2
	$34.00 
	1
	$34.00 
	Atmel

	Speaker
	COM-09151
	$1.95
	1
	$1.95
	SparkFun

	Battery
	4893
	$19.50
	2
	$39.00
	Powerizer

	Switch
	COM-09609
	$0.75
	2
	$1.50
	SparkFun

	Stepper Motor
	ROB-10551
	$6.95
	2
	$13.90
	SparkFun

	SCREW MACHINE PHILLIPS 6-32X1/2
	H360-ND
	$0.02
	100
	$2.28
	Digi-Key

	NUT HEX 6-32 ZINC PLATED
	H220-ND
	$0.03
	100
	$2.65
	Digi-Key

	 
	 
	 
	 
	
	 



[bookmark: _Toc342599387]Parts Orders
Every order we placed is included below. There is some duplication in the orders, and some parts needed to build the platform are not included in the orders, however they are included here for the sake of posterity.
[bookmark: _Toc342597291]Order 1
This is the first order that we placed, in February 2012. The parts in this list are those that were needed for the first prototype and were not already on hand.
	Name
	Part No
	Each
	QTY
	Total
	Supplier

	DFRobot 4WD Platform
	RB-Dfr-15
	$51.00
	1
	$51.00
	RobotShop

	DFRobot Wheel Encoders
	RB-Dfr-46
	$12.95
	2
	$25.90
	RobotShop

	Arduino Pro Mini
	DEV-09218
	$18.95
	1
	$18.95
	SparkFun

	FTDI Basic Breakout
	DEV-10008
	$14.95
	1
	$14.95
	SparkFun

	6 Pin Right Angle Female Header
	PRT-09429
	$0.95
	2
	$1.90
	SparkFun

	5V Regulator
	COM-00107
	$1.13
	6
	$6.78
	SparkFun

	Motor Driver
	ROB-09457
	$8.95
	2
	$17.90
	SparkFun

	Electronic Compass
	SEN-07915
	$34.95
	1
	$34.95
	SparkFun

	Speaker
	COM-09151
	$1.95
	1
	$1.95
	SparkFun

	Battery
	4893
	$19.50
	2
	$39.00
	Powerizer

	Switch
	COM-09609
	$0.75
	2
	$1.50
	SparkFun

	Loctite Threadlocker Blue 242
	 
	$10.00
	1
	$10.00
	Ace Hardware

	 
	 
	 
	 
	 $224.78
	 



[bookmark: _Toc342597292]Order 2
This order was placed in March 2012, and includes the extra parts needed to rotate the ultrasonic sensor.
	Name
	Part No
	Each
	QTY
	Total
	Supplier

	Stepper Motor
	ROB-10551
	$6.95
	2
	$13.90
	SparkFun

	EasyDriver
	ROB-10267
	$14.95
	2
	$29.90
	SparkFun

	 
	 
	 
	 
	$43.80
	 



[bookmark: _Toc342597293]Order 3
This order was placed in April 2012, and was the final order for the Spring 2012 semester. It includes all the parts that we thought were needed for the new rack system, with the PCBs. Because it was placed before the designs were finalized, the parts needed changed between when this order was placed and when the PCBs were actually ordered.
	Name
	Part No
	Each
	QTY
	Total
	Supplier

	CONN RCPT 1.27MM 60POS GOLD R/A
	670-1405-ND
	$2.41
	12
	$28.92
	Digi-Key

	CONN PLUG 1.27MM 60POS GOLD PCB
	670-1457-ND
	$2.37
	12
	$28.44
	Digi-Key

	CONN PLUG 1.27MM 100POS GOLD R/A
	670-1426-ND
	$3.05
	3
	$9.15
	Digi-Key

	CONN RCPT 1.27MM 100POS GOLD PCB
	670-1361-ND
	$2.96
	3
	$8.88
	Digi-Key

	CONN PLUG 1.27MM 100POS GOLD PCB
	670-1418-ND
	$3.05
	2
	$6.10
	Digi-Key

	CONN HEADR FMALE 40POS .1" DL AU
	S9200-ND
	$2.18
	4
	$8.72
	Digi-Key

	IC MCU AVR 32K FLASH 28PDIP
	ATMEGA
328-PU-ND
	$3.93
	5
	$19.65
	Digi-Key

	IC AVR MCU 8K 10MHZ 8DIP
	ATTINY
85V-10PU-ND
	$2.26
	5
	$11.30
	Digi-Key

	CER RESONATOR 16.0MHZ
	490-1214-ND
	$0.47
	15
	$7.01
	Digi-Key

	ZIF Socket 28-Pin 0.3"
	PRT-09175
	$2.95
	2
	$5.90
	SparkFun

	SOCKET IC OPEN FRAME 28POS .3"
	3M5480-ND
	$0.39
	10
	$3.85
	Digi-Key

	CONN IC SOCKET VERT 8POS TIN
	A100204-ND
	$0.18
	10
	$1.79
	Digi-Key

	LED SS 3MM 625NM RED DIFF
	754-1219-ND
	$0.08
	25
	$2.09
	Digi-Key

	LED SS 3MM 568NM GRN DIFF
	754-1217-ND
	$0.08
	25
	$2.02
	Digi-Key

	SCREW MACHINE PHILLIPS 6-32X1/2
	H360-ND
	$0.02
	100
	$2.28
	Digi-Key

	SCREW MACHINE PHILLIPS 6-32X1/4
	H354-ND
	$0.02
	100
	$2.34
	Digi-Key

	NUT HEX 6-32 ZINC PLATED
	H220-ND
	$0.03
	100
	$2.65
	Digi-Key

	WASHER FLAT #6 ZINC PLATED
	H778-ND
	$0.01
	100
	$0.97
	Digi-Key

	PCB COPPER CLAD POS 4X6" 1-SIDE
	473-1015-ND
	$9.48
	10
	$94.80
	Digi-Key

	SWITCH SLIDE SPDT 30V.2A PC MNT
	EG1903-ND
	$0.65
	10
	$6.54
	Digi-Key

	CAP CER 0.1UF 50V 20% RADIAL
	399-4151-ND
	$0.12
	100
	$11.73
	Digi-Key

	CAP TANT 10UF 16V 10% RADIAL
	718-1178-ND
	$0.75
	10
	$7.50
	Digi-Key

	RES 10K OHM 1/4W 5% CARBON FILM
	10KQBK-ND
	$0.02
	200
	$4.84
	Digi-Key

	RES 5.1K OHM 1/4W 5% CARBON FILM
	5.1KQBK-ND
	$0.06
	25
	$1.48
	Digi-Key

	6V,180rpm Micro DC Geared Motor with Back Shaft
	RB-Dfr-51
	$6.00
	4
	$24.00
	RobotShop

	CONN JUMPER SHORTING .100" GOLD
	S9338-ND
	$0.05
	25
	$1.17
	Digi-Key

	CONN HOUS 2POS .100 W/RAMP/RIB
	WM2000-ND
	$0.18
	10
	$1.79
	Digi-Key

	CONN HEADER 2POS .100 VERT TIN
	WM4111-ND
	$0.35
	10
	$3.50
	Digi-Key

	CONN HOUS 3POS .100 W/RAMP/RIB
	WM2001-ND
	$0.26
	10
	$2.59
	Digi-Key

	CONN HEADER 3POS .100 VERT TIN
	WM4112-ND
	$0.44
	10
	$4.36
	Digi-Key

	CONN HOUS 4POS .100 W/RAMP/RIB
	WM2002-ND
	$0.27
	10
	$2.74
	Digi-Key

	CONN HEADER 4POS .100 VERT TIN
	WM4113-ND
	$0.46
	10
	$4.63
	Digi-Key

	CONN TERM FEMALE 22-30AWG TIN
	WM1114-ND
	$0.09
	100
	$9.40
	Digi-Key

	Breakout Board for SD-MMC Cards
	BOB-00204
	$9.95
	2
	$19.90
	SparkFun

	 
	 
	 
	 
	 $353.02
	 



[bookmark: _Toc342597294]Order 4
This order was placed in October 2012, for the PCBs. Shipping is included in this list, as it formed a substantial part of the order.
	Name
	Part No
	Each
	QTY
	Total
	Supplier

	2 layer,size: 7.650*3.700 inch,thickness:2.000 mm,base copper:1.00 oz
	MB
	
	2
	39.51
	Myro

	2 layer,size: 3.500*3.500 inch,thickness:1.600 mm,base copper:1.00 oz
	Con
	
	2
	34.00
	Myro

	2 layer,size: 3.500*3.500 inch,thickness:1.600 mm,base copper:1.00 oz
	Pwr
	
	2
	34.00
	Myro

	2 layer,size: 3.000*3.500 inch,thickness:1.600 mm,base copper:1.00 oz
	Sen
	
	2
	34.00
	Myro

	2 layer,size: 3.000*3.500 inch,thickness:1.600 mm,base copper:1.00 oz
	Mot
	
	2
	34.00
	Myro

	Shipping
	
	
	
	95.00
	

	 
	 
	 
	 
	$270.51
	 



[bookmark: _Toc342597295]Order 5
This order was placed in October 2012, and includes the rest of the parts needed for the new PCBs.
	Name
	Part No
	Each
	QTY
	Total
	Supplier

	DIODE ZENER 3.3V 500MW DO-35
	1N5226BTR
	$0.11
	10
	$1.10
	Digi-Key

	IC OPAMP GP 1MHZ QUAD PREC 14DIP
	LT1014CN
	$4.35
	3
	$13.05
	Digi-Key

	RES METAL .020 OHM 3W 1% AXIAL
	LOB3R020FLFLT
	$1.01
	3
	$3.03
	Digi-Key

	IC QUAD 2-IN NOR GATE 14-DIP
	CD4001UBE
	$0.48
	3
	$1.44
	Digi-Key

	RELAY GEN PURPOSE SPDT 10A 5V
	G5LE-1 DC5
	$1.51
	3
	$4.53
	Digi-Key

	CONN HEADER .100 DUAL STR 72POS
	PBC36DAAN
	$4.05
	2
	$8.10
	Digi-Key

	IC AVR MCU 256K 16MHZ 100TQFP
	ATMEGA2560-16AU
	$17.97
	2
	$35.94
	Digi-Key

	SWITCH SPST TIN 8 SEC
	208-8
	$0.83
	4
	$3.32
	Digi-Key

	RES 100K OHM 1/8W 1% 0805 SMD
	RC0805FR-07100KL
	$0.01
	100
	$0.89
	Digi-Key

	RES 12.0K OHM 1/8W 1% 0805 SMD
	RC0805FR-0712KL
	$0.01
	100
	$0.89
	Digi-Key

	RES 10.0K OHM 1/8W 1% 0805 SMD
	RC0805FR-0710KL
	$0.01
	100
	$0.89
	Digi-Key

	RES 5.60K OHM 1/8W 1% 0805 SMD
	RC0805FR-075K6L
	$0.01
	100
	$0.89
	Digi-Key

	RES 5.10K OHM 1/8W 1% 0805 SMD
	RC0805FR-075K1L
	$0.01
	100
	$0.89
	Digi-Key

	RES 3.00K OHM 1/8W 1% 0805 SMD
	RC0805FR-073KL
	$0.01
	100
	$0.89
	Digi-Key

	RES 1.50K OHM 1/8W 1% 0805 SMD
	RC0805FR-071K5L
	$0.01
	100
	$0.89
	Digi-Key

	RES 1.00K OHM 1/8W 1% 0805 SMD
	RC0805FR-071KL
	$0.01
	100
	$0.89
	Digi-Key

	RES 680 OHM 1/8W 1% 0805 SMD
	RC0805FR-07680RL
	$0.01
	100
	$0.89
	Digi-Key

	RES 330 OHM 1/8W 1% 0805 SMD
	RC0805FR-07330RL
	$0.01
	100
	$0.89
	Digi-Key

	CAP CER 0.1UF 50V Y5V 0805
	CC0805ZRY5V9BB104
	$0.01
	100
	$1.41
	Digi-Key

	LED 2X1.2MM 625NM RD WTR CLR SMD
	APT2012EC
	$0.09
	50
	$4.68
	Digi-Key

	LED 2X1.2MM 570NM GN WTR CLR SMD
	APT2012CGCK
	$0.12
	50
	$5.94
	Digi-Key

	LED 2X1.2MM 588NM YW WTR CLR SMD
	APT2012YC
	$0.09
	50
	$4.68
	Digi-Key

	CER RESONATOR 8.00MHZ
	ZTT-8.00MT
	$0.70
	5
	$3.50
	Digi-Key

	CER RESONATOR 16.00MHZ
	ZTT-16.00MX
	$0.60
	10
	$6.00
	Digi-Key

	CAP CER 22PF 50V 5% NPO 0805
	CC0805JRNPO9BN220
	$0.06
	10
	$0.62
	Digi-Key

	CONN HEADER VERT 6POS .100 TIN
	640454-6
	$0.29
	10
	$2.91
	Digi-Key

	CONN RCPT HSNG 6POS CST-100 II
	1375820-6
	$0.31
	10
	$3.12
	Digi-Key

	CONN HEADER 36POS .100 VERT GOLD
	22284363
	$1.23
	10
	$12.28
	Digi-Key

	CONN HEADER FMALE 36POS .1" GOLD
	PPPC361LFBN-RC
	$2.07
	10
	$20.69
	Digi-Key

	CONN TERM FEMALE 22-30AWG TIN
	8500114
	$0.09
	100
	$9.40
	Digi-Key

	CONN HEADER 3POS .100 VERT TIN
	22272031
	$0.30
	25
	$7.52
	Digi-Key

	CONN HOUS 3POS .100 W/RAMP/RIB
	22013037
	$0.13
	25
	$3.24
	Digi-Key

	 
	 
	 
	 
	$165.40
	 



[bookmark: _Toc340695668][bookmark: _Toc342599388]Block diagrams
[bookmark: _Toc342597297]High-Level
There are two high-level diagrams. The first shows what the entire system will look like when version 1 is complete. The second shows what the system will look like when version 2 is complete.



[bookmark: _Toc342597298]

Boards
This diagram shows the flow of logic and power between the different boards.
The dead reckoning and wireless boards are shown in this diagram. They are planned features – they have not yet been designed.

[bookmark: _Toc342597299]

Robot
This diagram is an overview of the robot as of September 13, 2012. 

[bookmark: _Toc342597300]

Charging Station
This diagram shows how we envision the charging station in version 2.

[bookmark: _Toc340695669][bookmark: _Ref340701420][bookmark: _Ref340701443][bookmark: _Toc342599389]Schematics, PCB layouts, and BOMs
All schematics, layouts, and BOMs here are shown as the boards were actually built, not as they should have been built. This means some of them have errors, which are described where they are known.
Higher quality versions of all schematics are available. Layouts are shown with both layers at once, and without any copper pours. They are not meant to be used to fabricate additional circuit boards – the original files are available for this.
[bookmark: _Toc342597302]Motherboard
The motherboard has no active circuitry. It only passes signals between the boards. It has the following types of plugs:
Motherboard (x1)
Power (x1)
Standard board (x6)
Breadboard (x2)
Payload (x1)
Schematic


PCB layout

Bill of Materials
Part Value        Device        Package        Description  
JP2  Payload      M05X2RA       2X5-RA         Header 5x2   
P1   Board 6      JAE-TX25-60BL JAE-TX24-60-BL              
P2   Board 5      JAE-TX25-60BL JAE-TX24-60-BL              
P3   Board 3      JAE-TX25-60BL JAE-TX24-60-BL              
P4   Power        JAE-TX25-60BL JAE-TX24-60-BL              
P5   Board 4      JAE-TX25-60BL JAE-TX24-60-BL              
P6   Board 2      JAE-TX25-60BL JAE-TX24-60-BL              
P7   Board 1      JAE-TX25-60BL JAE-TX24-60-BL              
SV1  Breadboard 2 FE20-2        FE20-2         FEMALE HEADER
SV3  Breadboard 1 FE20-2        FE20-2         FEMALE HEADER
U$2  Controller   JAE-TX25-100  JAE-TX24-100
[bookmark: _Toc342597303]Power board 
The power board has numerous errors, not all of which have been corrected in the prototype. They are listed in the summery of the work done, in section 2.3.
Schematic


PCB layout
[image: ]
Bill of Materials
Part  Value            Device                         Package              Description                                                                                                      
C1    0.1uF            CAP0805                        0805                 Capacitor                                                                                                        
C2    0.1uF            CAP0805                        0805                 Capacitor                                                                                                        
C3    0.1uF            CAP0805                        0805                 Capacitor                                                                                                        
C4    TBD              CAP_POLPTH2                    CPOL-RADIAL-10UF-25V Capacitor Polarized                                                                                              
C5    TBD              CAP0805                        0805                 Capacitor                                                                                                        
C6    TBD              CAP_POLPTH2                    CPOL-RADIAL-10UF-25V Capacitor Polarized                                                                                              
C7    TBD              CAP0805                        0805                 Capacitor                                                                                                        
C8    TBD              CAP_POLPTH2                    CPOL-RADIAL-10UF-25V Capacitor Polarized                                                                                              
C9    TBD              CAP0805                        0805                 Capacitor                                                                                                        
C10   TBD              CAP_POLPTH2                    CPOL-RADIAL-10UF-25V Capacitor Polarized                                                                                              
C11   TBD              CAP0805                        0805                 Capacitor                                                                                                        
C12   TBD              CAP_POLPTH2                    CPOL-RADIAL-10UF-25V Capacitor Polarized                                                                                              
C13   TBD              CAP0805                        0805                 Capacitor                                                                                                        
C14   TBD              CAP_POLPTH2                    CPOL-RADIAL-10UF-25V Capacitor Polarized                                                                                              
C15   TBD              CAP0805                        0805                 Capacitor                                                                                                        
C16   TBD              CAP_POLPTH2                    CPOL-RADIAL-10UF-25V Capacitor Polarized                                                                                              
C17   TBD              CAP_POLPTH2                    CPOL-RADIAL-10UF-25V Capacitor Polarized                                                                                              
D1    1N4001           DIODEPTH                       DIODE-1N4001         Diode                                                                                                            
D3    1N4001           DIODEPTH                       DIODE-1N4001         Diode                                                                                                            
D6    1N5226           DIODE-ZENERPTH                 DIODE-ZENER          Zener Diode                                                                                                      
IC2   CD4001UB         7402N                          DIL14                Quad 2-input NOR gate                                                                                            
IC3   OP11P            OP11P                          DIL14                Quad Low-Offset Low-Power OP AMP                                                                                 
IC6   LD33V  3V3       LM317TS                        317TS                VOLTAGE REGULATOR                                                                                                
IC9   LM7805  5V       78XXS                          78XXS                VOLTAGE REGULATOR                                                                                                
IC10  LM7805  PAY      78XXS                          78XXS                VOLTAGE REGULATOR                                                                                                
JP2   FTDI             ARDUINO_SERIAL_PROGRAMLONGPADS 1X06_LONGPADS        FTDI connector footprints                                                                                        
JP3   RelayBypass      JUMPER-2PTH                    1X02                 Jumper                                                                                                           
JP4   PwrSel           JP2E                           JP2                  JUMPER                                                                                                           
JP5   Battery          M03LONGPADS                    1X03_LONGPADS        Header 3                                                                                                         
K1    G5LE             G5LE                           G5LE                 RELAY                                                                                                            
LED1  Pwr On           LEDCHIP-LED0805                CHIP-LED0805         LED                                                                                                              
LED9  LowBat           LEDCHIP-LED0805                CHIP-LED0805         LED                                                                                                              
LED10 Stat1            LEDCHIP-LED0805                CHIP-LED0805         LED                                                                                                              
LED11 Stat2            LEDCHIP-LED0805                CHIP-LED0805         LED                                                                                                              
LED12 3V3              LEDCHIP-LED0805                CHIP-LED0805         LED                                                                                                              
LED13 5V               LEDCHIP-LED0805                CHIP-LED0805         LED                                                                                                              
LED14 PAY              LEDCHIP-LED0805                CHIP-LED0805         LED                                                                                                              
LED15 RAW              LEDCHIP-LED0805                CHIP-LED0805         LED                                                                                                              
P2    JAE-TX25-60RA-BL JAE-TX25-60RA-BL               JAE-TX25-60-RA-BL                                                                                                                     
Q1                     TRANSISTOR_NPNTO-92-AMMO       TO-92-AMMO           Generic NPN BJT. MMBT2222 is the common NPN we use. Double check against datasheet- not all devices are the same!
Q2                     TRANSISTOR_NPNTO-92-AMMO       TO-92-AMMO           Generic NPN BJT. MMBT2222 is the common NPN we use. Double check against datasheet- not all devices are the same!
R1    1.5K             RESISTOR0805-RES               0805                 Resistor                                                                                                         
R2    330              RESISTOR0805-RES               0805                 Resistor                                                                                                         
R3    10K              RESISTOR0805-RES               0805                 Resistor                                                                                                         
R4    100K             RESISTOR0805-RES               0805                 Resistor                                                                                                         
R5    10K              RESISTOR0805-RES               0805                 Resistor                                                                                                         
R6    1.5K             RESISTOR0805-RES               0805                 Resistor                                                                                                         
R7    6.2K             RESISTORAXIAL-0.3              AXIAL-0.3            Resistor                                                                                                         
R8    1K               RESISTOR0805-RES               0805                 Resistor                                                                                                         
R9    2.7K             RESISTORAXIAL-0.3              AXIAL-0.3            Resistor                                                                                                         
R10   330              RESISTOR0805-RES               0805                 Resistor                                                                                                         
R11   330              RESISTOR0805-RES               0805                 Resistor                                                                                                         
R12   10K              RESISTOR0805-RES               0805                 Resistor                                                                                                         
R13   680              RESISTORAXIAL-0.3              AXIAL-0.3            Resistor                                                                                                         
R14   10               RESISTORAXIAL-0.3              AXIAL-0.3            Resistor                                                                                                         
R15   10K              RESISTOR0805-RES               0805                 Resistor                                                                                                         
R17   20K              RESISTORAXIAL-0.3              AXIAL-0.3            Resistor                                                                                                         
R18   0.02             RESISTORAXIAL-0.3              AXIAL-0.3            Resistor                                                                                                         
R19   1K               RESISTOR0805-RES               0805                 Resistor                                                                                                         
R20   10K              RESISTOR0805-RES               0805                 Resistor                                                                                                         
R21   10K              RESISTOR0805-RES               0805                 Resistor                                                                                                         
R22   10K              RESISTOR0805-RES               0805                 Resistor                                                                                                         
R23   1K               RESISTOR0805-RES               0805                 Resistor                                                                                                         
R24   680              RESISTOR0805-RES               0805                 Resistor                                                                                                         
R27   620              RESISTORAXIAL-0.3              AXIAL-0.3            Resistor                                                                                                         
R28   910              RESISTORAXIAL-0.3              AXIAL-0.3            Resistor                                                                                                         
S4    Pwr Sw           TL32PO                         TL3XPO               TINY SWITCH ON - MOM                                                                                             
S5    Reset            SWITCH-MOMENTARY-2PTH          TACTILE-PTH          Various NO switches- pushbuttons, reed, etc                                                                      
S6    Power On         SWITCH-MOMENTARY-2PTH          TACTILE-PTH          Various NO switches- pushbuttons, reed, etc                                                                      
S7    Power Off        SWITCH-MOMENTARY-2PTH          TACTILE-PTH          Various NO switches- pushbuttons, reed, etc                                                                      
U1    ATMEGA328P_PDIP  ATMEGA328P_PDIP                DIL28-3              uC used in the Arduino                                                                                           
Y2    8MHz             RESONATORPTH                   RESONATOR-PTH        Resonator                                                                                                        
[bookmark: _Toc342597304]
Controller board
This is the main “brain” of the robot. It controls all the other boards, and makes all the high-level decisions.
Only one error has been found in this board so far. The pinout of the connector U$3 is incorrect: pin 2 and 51 should connect to RAW, pins 4 and 53 should connect to VCC, and pins 6 and 55 should connect to 3V3. This error was corrected on the board by removing the contacts in the connector for the pins in question (2, 4, 6, 51, 53, 55). The pins could also be cut off before the connector is soldered to the board.
Most parts of this board have not been tested, and thus could contain additional errors.
Schematic
[image: C:\Users\PJoe\Documents\My Dropbox\eagle\Robot\Rev 1 2012-10-19\MainProcessor\Main Processor 2560_Page_1.png]
[image: C:\Users\PJoe\Documents\My Dropbox\eagle\Robot\Rev 1 2012-10-19\MainProcessor\Main Processor 2560_Page_2.png]
PCB layout
[image: ]
Bill of Materials
Part  Value             Device                         Package              Description                                                                        
C1    18pF              CAP0805                        0805                 Capacitor                                                                          
C2    18pF              CAP0805                        0805                 Capacitor                                                                          
C4    0.1uF             CAP0805                        0805                 Capacitor                                                                          
C5    0.1uF             CAP0805                        0805                 Capacitor                                                                          
C7    0.1uF             CAP0805                        0805                 Capacitor                                                                          
C8    0.1uF             CAP0805                        0805                 Capacitor                                                                          
C9    0.1uF             CAP0805                        0805                 Capacitor                                                                          
C10   0.1uF             CAP0805                        0805                 Capacitor                                                                          
C11   0.1uF             CAP0805                        0805                 Capacitor                                                                          
C15   10uF              CAP_POLPTH2                    CPOL-RADIAL-10UF-25V Capacitor Polarized                                                                
C18   0.1uF             CAP0805                        0805                 Capacitor                                                                          
C19   0.1uF             CAP0805                        0805                 Capacitor                                                                          
D1                      DIODEPTH                       DIODE-1N4001         Diode                                                                              
IC3   SN74HC595DR       SN74HC595DR                    SOIC-16                                                                                                 
IC4   SN74HC595DR       SN74HC595DR                    SOIC-16                                                                                                 
J1    ICSP              AVR_SPI_PRG_6PTH               2X3                  AVR ISP 6 Pin                                                                      
JP1   Memory2           M081X08                        1X08                 Header 8                                                                           
JP2   Memory3           M081X08                        1X08                 Header 8                                                                           
JP3                     ARDUINO_SERIAL_PROGRAMLONGPADS 1X06_LONGPADS        FTDI connector footprints                                                          
JP4   Extend            M04PTH                         1X04                 Header 4                                                                           
JP6   Speaker           M02PTH3                        1X02_LONGPADS        Header 2                                                                           
JP7   PowerTarget       JUMPER-2PTH                    1X02                 Jumper                                                                             
JP8   PowerTarget       JUMPER-2PTH                    1X02                 Jumper                                                                             
JP9   Memory1           M081X08                        1X08                 Header 8                                                                           
LED1  PWR               LEDCHIP-LED0805                CHIP-LED0805         LED                                                                                
LED2                    LEDCHIP-LED0805                CHIP-LED0805         LED                                                                                
LED3                    LEDCHIP-LED0805                CHIP-LED0805         LED                                                                                
LED4                    LEDCHIP-LED0805                CHIP-LED0805         LED                                                                                
LED5  Status            LEDCHIP-LED0805                CHIP-LED0805         LED                                                                                
LED6                    LEDCHIP-LED0805                CHIP-LED0805         LED                                                                                
LED7                    LEDCHIP-LED0805                CHIP-LED0805         LED                                                                                
LED8                    LEDCHIP-LED0805                CHIP-LED0805         LED                                                                                
LED9                    LEDCHIP-LED0805                CHIP-LED0805         LED                                                                                
LED10                   LEDCHIP-LED0805                CHIP-LED0805         LED                                                                                
LED11                   LEDCHIP-LED0805                CHIP-LED0805         LED                                                                                
LED12                   LEDCHIP-LED0805                CHIP-LED0805         LED                                                                                
LED13                   LEDCHIP-LED0805                CHIP-LED0805         LED                                                                                
LED14                   LEDCHIP-LED0805                CHIP-LED0805         LED                                                                                
LED15                   LEDCHIP-LED0805                CHIP-LED0805         LED                                                                                
LED16                   LEDCHIP-LED0805                CHIP-LED0805         LED                                                                                
LED17                   LEDCHIP-LED0805                CHIP-LED0805         LED                                                                                
LED18                   LEDCHIP-LED0805                CHIP-LED0805         LED                                                                                
R1    3K                RESISTOR0805-RES               0805                 Resistor                                                                           
R2    5.6K              RESISTOR0805-RES               0805                 Resistor                                                                           
R3    10K               RESISTOR0805-RES               0805                 Resistor                                                                           
R4    330               RESISTOR0805-RES               0805                 Resistor                                                                           
R5    10                RESISTORAXIAL-0.3              AXIAL-0.3            Resistor                                                                           
R6    10K               RESISTOR0805-RES               0805                 Resistor                                                                           
R7    10K               RESISTOR0805-RES               0805                 Resistor                                                                           
R8    12K               RESISTOR0805-RES               0805                 Resistor                                                                           
R9    3K                RESISTOR0805-RES               0805                 Resistor                                                                           
R10   10K               RESISTOR0805-RES               0805                 Resistor                                                                           
R11   330               RESISTOR0805-RES               0805                 Resistor                                                                           
R12   330               RESISTOR0805-RES               0805                 Resistor                                                                           
R13   330               RESISTOR0805-RES               0805                 Resistor                                                                           
R14   330               RESISTOR0805-RES               0805                 Resistor                                                                           
R15   330               RESISTOR0805-RES               0805                 Resistor                                                                           
R16   1K                RESISTOR0805-RES               0805                 Resistor                                                                           
R17   330               RESISTOR0805-RES               0805                 Resistor                                                                           
R18   330               RESISTOR0805-RES               0805                 Resistor                                                                           
R19   330               RESISTOR0805-RES               0805                 Resistor                                                                           
R20   330               RESISTOR0805-RES               0805                 Resistor                                                                           
R21   330               RESISTOR0805-RES               0805                 Resistor                                                                           
R22   5.6K              RESISTOR0805-RES               0805                 Resistor                                                                           
R23   12K               RESISTOR0805-RES               0805                 Resistor                                                                           
R24   3K                RESISTOR0805-RES               0805                 Resistor                                                                           
R25   5.6K              RESISTOR0805-RES               0805                 Resistor                                                                           
R26   12K               RESISTOR0805-RES               0805                 Resistor                                                                           
R27   3K                RESISTOR0805-RES               0805                 Resistor                                                                           
R28   5.6K              RESISTOR0805-RES               0805                 Resistor                                                                           
R29   1K                RESISTOR0805-RES               0805                 Resistor                                                                           
R30   10K               RESISTOR0805-RES               0805                 Resistor                                                                           
R31   5.1K              RESISTOR0805-RES               0805                 Resistor                                                                           
R32   10K               RESISTOR0805-RES               0805                 Resistor                                                                           
R33   5.1K              RESISTOR0805-RES               0805                 Resistor                                                                           
R34   10K               RESISTOR0805-RES               0805                 Resistor                                                                           
R35   5.1K              RESISTOR0805-RES               0805                 Resistor                                                                           
R36   12K               RESISTOR0805-RES               0805                 Resistor                                                                           
R37   3K                RESISTOR0805-RES               0805                 Resistor                                                                           
R38   5.6K              RESISTOR0805-RES               0805                 Resistor                                                                           
R39   12K               RESISTOR0805-RES               0805                 Resistor                                                                           
R40   10K               RESISTOR0805-RES               0805                 Resistor                                                                           
R41   10K               RESISTOR0805-RES               0805                 Resistor                                                                           
R42   10K               RESISTOR0805-RES               0805                 Resistor                                                                           
R43   10K               RESISTOR0805-RES               0805                 Resistor                                                                           
R44   10K               RESISTOR0805-RES               0805                 Resistor                                                                           
R45   330               RESISTOR0805-RES               0805                 Resistor                                                                           
R46   330               RESISTOR0805-RES               0805                 Resistor                                                                           
R47   330               RESISTOR0805-RES               0805                 Resistor                                                                           
R48   330               RESISTOR0805-RES               0805                 Resistor                                                                           
R49   330               RESISTOR0805-RES               0805                 Resistor                                                                           
R50   330               RESISTOR0805-RES               0805                 Resistor                                                                           
S2    A_Reset           SWITCH-MOMENTARY-2PTH          TACTILE-PTH          Various NO switches- pushbuttons, reed, etc                                        
SW1                     SW_DIP-8                       DIPSWITCH-08         DIP Switch 8 Position                                                              
SW3                     SW_DIP-8                       DIPSWITCH-08         DIP Switch 8 Position                                                              
T1    2N5551            2N5551-NPN-TO92-CBE            TO92-CBE             NPN Transistror                                                                    
U$1   SD                SF-SD-BREAKOUT                 SF-SD-BREAKOUT                                                                                          
U$3   JAE-TX25-100RA-BL JAE-TX25-100RA-BL              JAE-TX25-100-RA-BL                                                                                      
U2    ATMEGA2560AU      ATMEGA2560AU                   TQFP100              Atmel 100-pin 8-bit uC                                                             
Y1    16MHz             CRYSTALHC49US                  HC49US               Various standard crystals. Proven footprints. Spark Fun Electronics SKU : COM-00534

[bookmark: _Toc342597305]Motor board
This board controls the motors on the wheels.
No known errors exist in this board. It is also the only board that has been completely tested.
Schematic
[image: C:\Users\PJoe\Documents\My Dropbox\eagle\Robot\Rev 1 2012-10-19\Motor Board\Motor Board.png]
PCB layout
[image: ]
Bill of Materials
Part Value              Device                         Package              Description                                
C9   0.1uF              CAPPTH                         CAP-PTH-SMALL        Capacitor                                  
C14  0.1uF              CAPPTH                         CAP-PTH-SMALL        Capacitor                                  
C15  10uF               CAP_POLPTH2                    CPOL-RADIAL-10UF-25V Capacitor Polarized                        
C16  0.1uF              CAPPTH                         CAP-PTH-SMALL        Capacitor                                  
C19  0.1uF              CAPPTH                         CAP-PTH-SMALL        Capacitor                                  
JP1  FL Motor           M02PTH3                        1X02_LONGPADS        Header 2                                   
JP2  FR Motor           M02PTH3                        1X02_LONGPADS        Header 2                                   
JP3  BL Motor           M02PTH3                        1X02_LONGPADS        Header 2                                   
JP4  FTDI               ARDUINO_SERIAL_PROGRAMLONGPADS 1X06_LONGPADS        FTDI connector footprints                  
JP5  BR Motor           M02PTH3                        1X02_LONGPADS        Header 2                                   
JP7  PowerTarget        JUMPER-2PTH                    1X02                 Jumper                                     
LED1 PWR                LED3MM                         LED3MM               LED                                        
LED2 Status             LED3MM                         LED3MM               LED                                        
LED5 Moving             LED3MM                         LED3MM               LED                                        
M1   TB6612FNG-BREAKOUT TB6612FNG-BREAKOUT             TB6612FNG-BREAKOUT                                              
M2   TB6612FNG-BREAKOUT TB6612FNG-BREAKOUT             TB6612FNG-BREAKOUT                                              
P1   JAE-TX25-60RA-BL   JAE-TX25-60RA-BL               JAE-TX25-60-RA-BL                                               
R1   10K                RESISTORAXIAL-0.3              AXIAL-0.3            Resistor                                   
R3   10K                RESISTORAXIAL-0.3              AXIAL-0.3            Resistor                                   
R5   10                 RESISTORAXIAL-0.3              AXIAL-0.3            Resistor                                   
R6   330                RESISTORAXIAL-0.3              AXIAL-0.3            Resistor                                   
R16  1K                 RESISTORAXIAL-0.3              AXIAL-0.3            Resistor                                   
R28  330                RESISTORAXIAL-0.3              AXIAL-0.3            Resistor                                   
S1   MotorEnable        TL32PO                         TL3XPO               TINY SWITCH ON - MOM                       
S2   Reset              SWITCH-MOMENTARY-2PTH          TACTILE-PTH          Various NO switches- pushbuttons, reed, etc
U2   ATMEGA328P_PDIP    ATMEGA328P_PDIP                DIL28-3              uC used in the Arduino                     
Y1   16MHz              RESONATORPTH                   RESONATOR-PTH        Resonator    

[bookmark: _Toc342597306]Ultrasonic board 
This board controls up to four ultrasonic sensors, and up to two stepper motors.
No known errors exist in this board, however it has not been fully tested.
Schematic

PCB layout
[image: ]
Bill of Materials
Part Value            Device                         Package              Description                                
C9   0.1uF            CAPPTH                         CAP-PTH-SMALL        Capacitor                                  
C14  0.1uF            CAPPTH                         CAP-PTH-SMALL        Capacitor                                  
C15  10uF             CAP_POLPTH2                    CPOL-RADIAL-10UF-25V Capacitor Polarized                        
C16  0.1uF            CAPPTH                         CAP-PTH-SMALL        Capacitor                                  
C19  0.1uF            CAPPTH                         CAP-PTH-SMALL        Capacitor                                  
IC1  EASYDRIVER       EASYDRIVER                     EASYDRIVER44                                                    
IC2  EASYDRIVER       EASYDRIVER                     EASYDRIVER44                                                    
JP1  SMot1            M04PTH                         1X04                 Header 4                                   
JP2  SMot2            M04PTH                         1X04                 Header 4                                   
JP3  MS2              JUMPER-2PTH                    1X02                 Jumper                                     
JP4  FTDI             ARDUINO_SERIAL_PROGRAMLONGPADS 1X06_LONGPADS        FTDI connector footprints                  
JP5  MS1              JUMPER-2PTH                    1X02                 Jumper                                     
JP6  MS2              JUMPER-2PTH                    1X02                 Jumper                                     
JP7  PowerTarget      JUMPER-2PTH                    1X02                 Jumper                                     
JP8  MS1              JUMPER-2PTH                    1X02                 Jumper                                     
JP9  uS1              M06SIP                         1X06                 Header 6                                   
JP10 uS2              M06SIP                         1X06                 Header 6                                   
JP11 uS3              M06SIP                         1X06                 Header 6                                   
JP12 uS4              M06SIP                         1X06                 Header 6                                   
JP13 uS1              JUMPER-3PTH                    1X03                                                            
JP14 uS2              JUMPER-3PTH                    1X03                                                            
JP15 uS3              JUMPER-3PTH                    1X03                                                            
JP16 uS4              JUMPER-3PTH                    1X03                                                            
LED1 Power            LED3MM                         LED3MM               LED                                        
LED2 Status           LED3MM                         LED3MM               LED                                        
P1   JAE-TX25-60RA-BL JAE-TX25-60RA-BL               JAE-TX25-60-RA-BL                                               
R3   10K              RESISTORAXIAL-0.3              AXIAL-0.3            Resistor                                   
R5   10               RESISTORAXIAL-0.3              AXIAL-0.3            Resistor                                   
R16  1K               RESISTORAXIAL-0.3              AXIAL-0.3            Resistor                                   
R28  330              RESISTORAXIAL-0.3              AXIAL-0.3            Resistor                                   
S2   Reset            SWITCH-MOMENTARY-2PTH          TACTILE-PTH          Various NO switches- pushbuttons, reed, etc
U2   ATMEGA328P_PDIP  ATMEGA328P_PDIP                DIL28-3              uC used in the Arduino                     
Y1   16MHz            RESONATORPTH                   RESONATOR-PTH        Resonator                                  
[bookmark: _Toc340695670][bookmark: _Toc342599390]CAD drawings
[bookmark: _Toc342597308]Partial 3D rendition of robot
[image: C:\Users\PJoe\Documents\My Dropbox\ECE298 Robot\Inventor Files\ChassisAssembly v3.png]
[bookmark: _Toc342597309]

Top plate
This is the top plate for the robot. It can be made out of any flat rigid material.
The 6.5mm hole in the corner is for a standard toggle power switch.

[bookmark: _Toc342597310]

Bottom plate
This is the bottom plate (technically, the middle plate, as there is a third plate below it) for the robot. It goes between the battery and motors, and the circuit boards. The single hole in the front (bottom in the diagram) is for the mounting pole for the ultrasonic sensors. 

[bookmark: _Toc342597311]

Ultrasonic sensor mounting pole
One or two ultrasonic sensors can be mounted on this pole. The standoffs can be made out of metal – the comment that they must not be metal can be disregarded.
[image: C:\Users\PJoe\Documents\My Dropbox\ECE298 Robot\Inventor Files\Ultrasonic Sensor - pole001.jpg]
[bookmark: _Toc342597312]Rack board guide
These should be made out of a non-conductive material. Eleven of them are required for every robot. They serve a dual purpose: to hold the motherboard in place with the three holes through them, and the hold the individual circuit boards in the slots cut in them.
[image: C:\Users\PJoe\Documents\My Dropbox\ECE298 Robot\Inventor Files\RackBoardGuide v2.png]
[bookmark: _Toc342599391]Code
Below is a flowchart of the test code execution flow. The full code has not yet been completely written. This logic will perform the same task the robot was doing at the end of the Spring semester, but with the new hardware.
[image: C:\Users\PJoe\Documents\My Dropbox\ECE298 Robot\Code\v1flowchart.png]
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