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Introduction
Title: Laser Guided Swim Pacer
The project that we are working on is a laser guided swim pacer that is designed to train athletes to achieve their best. We selected this project because we wanted to work with precise motor controls, lasers, and programming. We are excited about this project because it is an opportunity to make a truly commercial product.  It also incorporates many applicable skills which can be useful in the working world.  Another reason is because we really like seeing the immediate results of our hard work.
Our goal for this project is to create an affordable and easy-to-use way for swimming instructors to coach students.  The idea behind using a visual aide as opposed to an auditory aide is to better motivate the swimmer.  We believe being able to see and chase a visual cue will be much more effective than simply hearing audio.  Using a very precise laser system, a swimmer will be able to see a marker keeping pace for them on the bottom of the pool.  This will be useful to track progress in training.

Benefits to Consumer
· Train swimmers with consistency
· User Friendly
· Fast setup time
· Low maintenance
· Portable
Features:
· Real time control of pace and position in the pool
· Adaptive to different pool sizes and depths
· Wireless communication between the device and controller
· Intuitive interface
· Safe laser
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Block Descriptions:
[bookmark: _GoBack]Power: The power for this device will come from two different sources.  One source will provide power for the interface, microcontroller and one site of wireless communication.  Another source will provide power for the motor /encoder and the other site of wireless communication.  We will be using a 9 Volt Battery for both of the sources.  There may be a need for more than 1 9V battery in each part of the device depending on how much power is used. 
Interface: The interface is how the user will interact with our device. The interface will accept input values which will be used to calculate the speed of the motor for the input values assigned.  The interface will consist of several 7-segment LED displays, LEDs, On/off switch, reset switch, and arrow keys with and enter button. The interface will accept values for calculation via the arrow keys and enter button once the device has been turned on. It will also display these values on the 7-segment display and show where the laser is pointing in the pool via 25 LEDs (an LED represents a yard in the pool). Interface will include antennae to help with wireless communication
Microcontroller: The microcontrollers in our device will play the role of interacting between the interface and the encoder/motor via the wireless connection.  The microcontrollers will be in the interface controller and the laser device.  The microcontrollers we have chosen to use are the TI MSP430.  This microcontroller was recommended to us by our professor and TAs.  It is easy to use, quick to debug, low power, and will be more than adequate for our purposes.
Motor/Encoder:  The motor and encoder will move the laser appropriately to be directed along the bottom of the pool.  The motor we have chosen to use is the HS-311 servo motor.  We chose this motor because it is compact, low power, cheap, and precise.  The encoder will be placed on the shaft of the motor and will communicate with the microcontroller via the wireless communication.  It is used to tell the position of the laser pointer at all times.  The encoder we have decided to use is an Avago Technologies HEDS-9100-G00 optical encoder.  We are using an optical encoder because brushes can be the cause of unreliability.  This encoder is relative, and we chose this because an absolute encoder is more costly and unnecessary.
Laser: This component of our device will produce the visual target that the swimmer will follow to gain a better pace. We will use a laser that uses less than 10mW. However, the wattage will be significantly reduced by a beam expander. Depending on the intensity needed for the visual target, we may need to switch to a collimated beam of light produced by several LEDs.
Wireless Communication: The wireless component will link the device that is in the pool with the user interface. We will be using an Xbee wireless transmitter/receiver unit. The transmitter will be located in the interface and the receiver in the pacing unit. Antennae will be mounted to the top of the device to negate the possibility of attenuation that the water would produce. 
Performance Requirements:
Our performance requirements for this project are about operation and safety of the device. Performance requirements that we want to consider are that the laser position at the bottom versus where it’s suppose to be doesn’t vary by more than 2 feet. The next requirement to consider is that the wireless controller should work within 20 yards or less of the device. This should be enough distance around the entirety of the pool that the interface will always be able to communicate with the pacing unit. Lastly safety of the swimmers must be considered. Any laser under 10mW should not cause damage to the eye. Also the human body has a blink reflex that will direct your eyes away from the laser. We will also be expanding the beam of the laser so that it is more visible and the power of the laser beam will be made even weaker in the event that someone should look into it. The wattage of the laser must be kept under 10mW or a collimated beam of light should be used.


Verification
Testing Procedure: 
To verify that the laser is working properly disconnect the laser from the device and apply direct voltage. If the laser is working, check to see if the laser is connected to the microcontroller correctly. 
Then we would remove the power source and check the voltage with the voltmeter. If the power source is accurate we would check if the power is connected with the microcontrollers, laser, motor/encoder, wireless communication, and interface. Apply direct voltage to motor to ensure that it is operating properly with the encoder. Check the connectivity of the microcontroller to the motor/encoder. Ensure that power is being delivered to the interface and that signals are being received from the microcontroller. 
The interface should also show accurate position via the LEDs with accordance to the pacing unit. A change in pace must also be observed from the pacing unit when it is increased or decreased on the controller.
Ensure that wireless connections are receiving power and that signals received or sent are connected with the microcontroller. The wireless range should also meet our performance requirement of a 20 yard wireless range or less.
If all hardware has been checked for power connection and corrected wiring the microcontroller needs be debugged. LEDs would be set up to show us that the signals are being sent correctly.
Tolerance Analysis:
Our current encoder is 500 Cycles/ Revolution.  This means that the 360 degrees that the motor can turn will be divided into 500 sections.  However, we will only be using approximately half of these sections because we always want the laser pointed at the water.
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Figure 1
Assume a 25m pool, which equates to a length of 27.34 yards.  Also, assume a depth of 3’, which can be considered average for the shallow end of a pool.  The maximum angle in which our device will operate is given by the angle just below the device in Figure 1 and can be determined by the following equation.

Using this result and the fact that our encoder has 500 cycles/revolution, we can make the following calculations.


This calculation shows that at a maximum, the bottom of the pool will be divided into 238 sections.  These sections will not be equal however because each 0.72 will bring the laser farther the closer it is to an end of the pool.  The error of being off by a single section is summarized in the calculations below.
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Figure 2

Equation 4 shows that in the longest pool at the area that is known to produce the most error, the maximum change in position that will be experienced using the encoder we have will be 1.21 feet.  This is well within our performance requirements for this system.

Cost and Schedule
Cost Analysis:
Labor: 
$30/hour x 100 hours x 2.5 x 3 people = $22,500 Dollars
Parts:
	Parts
	Description
	Quantity
	Price
	Cost

	Avago Technologies HEDS-9100-G00
	Optical encoder
	1
	$25.83 
	$25.83 

	LEDs
	Light emitting diodes
	25
	$0.06 
	$1.58 

	Hi-RED 0.40" CA/CC 7-Segment LED Displays
	7 segment displays
	14
	$0.35 
	$4.90 

	Xbee
	Wireless transmitter/Receiver
	1
	$19.00 
	$19.00 

	HS311 Servo
	Servo Motor
	1
	$8.99 
	$8.99 

	Staples Brand Laser Pointer
	5mW Laser 
	1
	$19.99 
	$19.99 

	TI MSP430
	Microcontrollers
	2
	$4.35 
	$8.70 

	
	Total Cost
	
	
	$88.99 



Total Cost:
$22,500 + $88.99 = $22,588.99
Schedule
	
	
	
	

	
	Nick
	Kevin
	Sean

	01/29/12
	Meet with swim coach to determine placement and features
	Meet with Tas to discuss implementation
	Proposal Writeup

	02/05/12
	Gather information for wireless implementation, research wireless communication
	Research encoders and servo motors
	Finish Proposal writeup, consult machine shop about enclosure

	02/12/12
	Finalize part decisions, order necessary parts
	Prepare for design review
	Research interface and microcontrollers

	02/19/12
	revamp design after design review
	Attend swim meet and discuss application with coach
	Start building led and seven segment display, order enclosure from machine shop

	02/26/12
	Research laser and safety
	Research antennae and design implementation
	Research power and best available power supply

	03/04/12
	Begin programming microcontroller
	Assemble motor and encoder
	Assemble interface, learn eagleview

	03/11/12
	Individual progress reports, continue programming microcontroller
	Individual Progress Reports, Order PCB for device
	Individual Progress Report,  Order PCB for interface

	03/18/12
	SPRING BREAK
	SPRING BREAK
	SPRING BREAK

	03/25/12
	Mock Demos, Test and verify wireless communication
	Mock Demos, Start soldering PCB for device
	Mock Demos, Start soldering PCB for interface

	04/01/12
	Finish microcontroller coding and verification
	Ensure working encoder/motor with accuracy goals met
	Ensure working interface with microcontroller

	04/08/12
	Ensure microcontroller interfaces correctly with encoder/motor with wireless
	Ensure microcontroller interfaces correctly with encoder/motor without wireless
	Ensure power delivery is adequate and power is being used efficiently

	04/15/12
	Final Report, Debug wireless and microcontroller
	Assemble device in enclosure and test in pool
	Debug interface functionality of all features

	04/22/12
	Practicing Presentation
	Last minute touch ups for demo
	Proofread the final paper
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