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1.0.0 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 times. 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 to consistency swim at same pace

· 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

2.0.0 Design

2.1.0 Block Diagram:
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2.2.0 Block Descriptions:

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 and the other site of wireless communication.  We will be using a C Battery for both of the sources. The voltage across the batteries will be a little higher than what is needed for each component. The voltage will be stepped down via a linear voltage regulator. The linear voltage regulator that will be used is an ADP 120, shown in Figure 5 of the schematics. The battery voltage will be fed into Vin and the corrected voltage will be output through Vout. Vout will be used to power the circuit components. 

Interface: The interface is how the user will interact with our device by accepting input values which will be used to calculate the speed of the motor.  It will consist of a L.C.D., 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 liquid crystal display. We will also show where in the pool the laser is being displayed via the L.C.D. The Interface will include antennae to help with wireless communication between the interface and the laser device. The L.C.D. is an already assembled package. the package includes four switches that we can use as our arrow keys on the interface. the on/off switch, reset, and enter buttons will still be added via additional switches or toggles. Shown in Figure 3. 

Microcontroller: There will be two microcontrollers present at in the device.  One will be on the interface side, and for this, we are using the PIC16F877A.  This PIC will simply be the communication between the interface and the Xbee Wireless Router.  This PIC is easily programmed through MPLAB, and will be more than capable of fulfilling our needs.  This product was chosen because it is cheap, small, low power, and contains a UART interface.  The UART (Univeral Asynchronous Receiver/Transmitter) interface contains only two pins and a series of registers.  However, it is a powerful tool for communicating with devices like the Xbee.  Communication with the Xbee must be done with a series of buffers and with timing considerations with those buffers.  However, the PIC16F877A has registers that account for these inputs and outputs very well.

The other microcontroller we will use will be on the motor side.  This microcontroller will be the interface between the Xbee and servo motor, as well as toggle the laser’s power.  For these purposes, we have chosen to use the TI MSP430.  We have chosen this microcontroller because it can run up to 25MHz and can calculate trigonometric functions with built-in libraries.  This will be very useful as the speed of the laser, and in turn the angular speed of the motor, will involve the calculation of many angles.  In addition, the MSP430 also has a built in UART, which will be great for interfacing with the Xbee.  It is important to note that this feature of the MSP430 is technically a USART because it can transmit synchronously as well.  While we will probably never use this capability, it is important to note because some of the schematics may be labeled as USART.

Motor:  The motor block of the project will control the laser shown at the bottom of the pool. The motor we have chosen to use is the HS-322 servo motor.  We chose this motor because it is compact, low power, cheap, and readily available.  The motor shaft will connect directly to the laser.  It will be controlled by a input from the microcontroller in the form of a square wave.  

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 intensity 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 communication device will be the interface between the motor side of the device located in the center of the pool and the interface located outside the pool.  For this purpose, we have chosen the Xbee ZB Transmitter/Receiver.  Each of these transmitter/receiver units will be placed at each part of the device, and will transmit necessary data between the PIC16F877A and the MSP430.  We chose this part because it is relatively cheap, transmits up to 40m indoors, and is low power.  With the microcontrollers supporting the Xbee with UART interfaces on both sides, the Xbee will be a very capable interface between these two devices.
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Figure 2 – Interface Pin Layout
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Figure 3 - L.C.D. + Driver
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Figure 4 - Laser Device Pin Layout
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Figure 5 - Linear Voltage Regulator

2.4.0 Schematic Descriptions:

Power: The interface and the circuit will be powered by 3 C batteries each. These batteries will give us the desired. The motor will also need 4 C batteries and will be powered separately from the circuit inside of the laser device. The voltage supply to each component will be regulated by linear voltage regulators. 

Interface: The interface will communicate only with the microcontroller.  The interface has a 2x16 array of 5x8 LCDs.  Each of these 5x8 LCDs can fit one character.  The LCD will be controlled by a series of digital signals:  4 data signals, a register select, a read/write, and an enable.  The register select chooses whether to execute an instruction to display or to write/read.  The write/read will then determine which to do.  In addition, the Phico has 4 buttons which produce 4 digital signals when powered.  These signals are high when they are pushed.  All of these control signals will be going to general I/O pins on the PIC.  The programming of the PIC will handle signal protocol.

Microcontroller:  The PIC16F877A is the communication between the interface and the Xbee Wireless.  To communicate with the Xbee Wireless, the PIC uses four signals.  It has a built in UART (Universal Asynchronous Receiver/Transmitter) interface, which we will be using to communicate to the Xbee.  The interface consists of a transmit data line and a receiving data line.  However, the Xbee also has two more signals needed for communication.  ‘CTS is an output from the Xbee to the PIC that signals the PIC to stop sending signals due to a full transmit buffer.  This signal is sent when the Xbee cannot keep up with transmission and should be checked before every transmission by the PIC over the UART.  ‘RTS is an input to the Xbee which indicates that the PIC is ready to receive data over the UART.  This signal should be active often because the Xbee also has a receive buffer which may be filled.  The MSP 430 has the same interface and will operate in the exact same way on the motor side of the device.


The MSP430 will also interface with the servo motor.  The necessary signals are described below under “Motor”.  The PIC will also communicate with the interface.  The necessary signals are described above under “Interface”.  

Motor:  There are 3 pins for the motor which are the power, ground and the control signal.  The power will come from AA batteries and will be 4.8V.  The control input will come from the microcontroller as a square wave.  Depending on the length of the pulse signal, the motor will move to a certain location.  For example, at 1500 microseconds, the motor will move to the 0 degree location.  When the pulse is at 2400 microseconds, it will move to the 90 degree location.  [image: image5.png]1500usec Neutral




Laser: The laser will have 3 pins which are power, ground and a digital input from the microcontroller.  The digital input will be telling the laser to turn on or off. 

Wireless Communication: For wireless communication, we have chosen to use the Xbee ZB.  This will be the main source of communication between the PIC on the interface side and the MSP430 on the motor side.  They both communicate with their respective Xbee Receiver/Transmitters over the UART (Universal Asynchronous Receiver/Transmitter) interface.  The signaling is described above in this section under “Microcontrollers”.  

User Interface Display
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The above screen is called the “Length Select” screen.  This is what should be displayed as soon as the device is powered on.  “25Y” should be highlighted by default, and the “Up” and “Down” buttons should be disabled in this screen.  The “Left” button should only work when “25Y” is selected, and the “Right” button should only work when “25M” is selected.  The “Enter” button should move you beyond this screen.
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The above screen is the “Shallow Depth” screen.  This screen should be displayed immediately after the “Enter” key is pressed on the “Select Length” screen.  This screen should be used to input the value for the depth of the shallow end of the pool.  The rightmost digit should be initially highlighted.  The “Left” and “Right” buttons should be used to select the digit to modify, and the “Up” and “Down” buttons should be used to change the values.  The two leftmost digits should be able to take on all single-digit integers, but the rightmost digit can only take on 0 or 5.  The “Enter” button should move you beyond this screen.
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The above screen is the “Deep Depth” screen.  It should appear directly after the “Shallow Depth” screen, and work exactly the same way.  After the value for the depth of the deep end of the pool is entered, the “Enter” key should move you beyond this screen.
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The above screen is the “Pace” screen.  It should appear directly after the “Deep Depth” screen, and works exactly the same as the “Shallow Depth” and “Deep Depth” screens.  Once the desired pace is entered, the “Enter” key can be used to continue.
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The above screen is the “Start” screen, and should be displayed right after the “Pace” screen.  This screen should indicate to the user that the pacer is ready to start.  Pressing “Enter” will begin the pacer and move from this screen.
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The above screen is the “Run” screen, and is displayed for remainder of operation.  This screen should display the pace in the upper left, and the position of the laser in the lower displays.  The lower display will be split into 32 sections which will indicate position.  Each of the 16 character displays are divided into 5x8 pixels.  A position marker will be 2 pixels wide, so each character display will allot for 2 of them with a pixel in between.  The pace and position can be changed in real time, and the only way to exit this screen is to shut off the device.

2.5.0 Flow Diagram
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Flow Diagram for Get Shallow, Get Deep, Get Pace[image: image13.jpg]{«———— DecrementRight Digit
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Note: Once the first flow diagram reaches any of the 3 blocks, Get Shallow, Get Deep, Get Pace, then go to the second flow diagram.  The arrow pointing to the bottom of the second diagram will go back to the first flow diagram.

2.6.0 Calculations:

Calculation of [image: image14.png]
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):

The purpose of this calculation is to derive a formula for [image: image16.png]


 and eventually [image: image17.png]


.  We need to ensure that [image: image18.png]


 will never be larger than our servo motor can handle.  Our servo motor can operate at a speed of 5.51 radians/sec with no load attached.  For these calculations, we will assume that this speed will be cut nearly in half, and for this calculation, I will assume the effective speed of our motor is 3 radians/sec.
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Figure 6
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To find max([image: image24.png]


), assuming d = 3 feet, x = 0, and pace = 10s to simulate worst conditions:
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Even with all the assumptions to create the fastest radial speed possible, our servo motor can still adequately keep up with the pace needed.

Calculations of pulse width lengths over steps

(2400-600)/512=3.5 microseconds/step

Calculations for 180 degrees over amount of steps

180/512 = .35 degrees/steps

Battery Calculations

Using the table from citation 1, the typical Watt*Hour output for different types of batteries, we can calculate how much hours of running time our device has.

The calculated power usage of the microcontrollers LCD and Xbee unit were totaled at 0.115 Watts. This number was calculated by using the input currents of the components and voltage that the component used.
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All of these batteries have the same effective voltage across the battery terminals. The batteries would be connected in such a way that we would have sufficient voltage for our device and interface components. The project was intended to have a good battery life, so choosing the right battery became a matter of what size batteries could we fit inside the polycarbonate tube. It is because of this that we chose C batteries as the power supply. The C batteries have almost 500 hours of run time and are only about twice the diameter of the AA battery. 

Buoyancy Calculation
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 [Drawn from the table citation 3], [image: image39.png]g =981
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The calculated buoyancy force is 96.58 newtons. The mass of the object would have to be approximately 10kg if it were to stay stationary in the water without a lane line. However, because we can mount the device in the water attached to the lane line we can expect an additional force helping to deal with the buoyancy problem that we will face. More calculations will be done after the enclosure has been produced.

3.0.0 Requirements

3.1.0 Performance Requirements:

Our performance requirements for this project are about operation and safety of the device. 


Interface/Microcontroller

· Upon powerup, the interface should display a “Length Select” screen.  The user should be able to select the desired length.

· After the “Length Screen”, the interface should display a “Shallow Depth” screen.  The user should be able to enter the proper shallow depth of the pool with the accuracy of 0.5 feet.

· After the “Shallow Depth” screen, the interface should display a “Deep Depth” screen.  The user should be able to enter a proper deep depth of the pool with the accuracy of 0.5 feet.

· After the “Deep Depth” screen, the interface should display a “Pace” screen.  The user should be able to enter a pace with the accuracy of 0.5 seconds.

· After the “Pace” screen, the interface should display a “Start” screen.  The “Start” screen should not show once the user has pressed “Enter”.

· After the “Start” screen, the interface should display a “Run” screen.  This screen should display the pace entered in the upper left and the position of the laser.  The position of the laser should be marked with three pixels and should be within 2 feet relative to the position in the pool.

· The laser should always be at position 0 2 seconds after the “Pace” screen.


Microcontroller/PIC/Xbee

· Xbee Wireless must be able to transmit and receive 100% of the time when the interface is within 30 yards of the device.


Microcontroller/Laser/Motor

· The laser must always be within 2 feet of the calculated value.

· The laser must complete a length within 0.5 seconds of the value input by the user.

· Motor must be within 2 degrees of expected value for each pulse width

· Laser intensity must be kept under safe-to-eye conditions (10mW).

Performance Testing:

Interface/Microcontroller

	Requirement
	Subrequirements
	Test Steps
	Expected Results

	1.  Upon powerup, the interface should display a “Length Select” screen.  The user should be able to select the desired length.
	1a.  “Length?” , “25Y”, and “25M” should be displayed.
	Device is off.

1.  Turn on the device using the interface.

2.  Observe the screen.


	1.  “Length?” should be displayed in the upper right part of the LCD.

2.  “25Y” should be displayed in the lower right part of the  LCD.

3.  “25M” should be displayed to the left of “25Y”

	
	1b.  “25Y” should be selected by default.
	Device is off.

1.  Turn on the device using the interface.

2.  Observe the screen.
	1.  “25Y” on the right side of the screen should be initially selected.

	
	1c.  Buttons manipulate the screen properly.
	Device is off.

1.  Turn on the device using the interface.

2.  Observe the screen.

3.  Use all directional buttons to observe their effects.
	1.  “Up” and “Down” buttons should have no effect.

2.  “Left” button should only work when “25Y” is selected.

3.  “Right” button should only work when “25M” is selected.

	2.  After the “Length Screen”, the interface should display a “Shallow Depth” screen.  The user should be able to enter the proper shallow depth of the pool with the accuracy of 0.5 feet.
	2a.  “Shallow?” should be displayed.
	Length Select screen is displayed.

1.  Enter a value for the length of the pool.

2.  Press the “Enter” button.

3.  Observe the screen.
	1.  “Shallow?” should be displayed in the upper right part of the LCD.

2.  “00.0” should be displayed in the lower right part of the LCD.



	
	2b.  The rightmost digit should be selected by default.
	Length Select screen is displayed.

1.  Enter a value for the length of the pool.

2.  Press the “Enter” button.

3.  Observe the screen.
	1.  The rightmost “0” of the three digits on the screen should be initially selected.

	
	2c.  The “Left” and “Right” buttons work correctly.
	Length Select screen is displayed.

1.  Enter a value for the length of the pool.

2.  Press the “Enter” button.

3.  Observe the screen.

4.  Use the directional buttons to change the values on the screen.
	1.  Pressing the “Left” button should always select the letter to the left of what is currently selected.  If the letter currently selected is the leftmost, the rightmost will be selected next.

2.  Pressing the “Right” button should always select the letter to the right of what is currently selected.  If the letter currently selected is the rightmost, the leftmost will be selected next.

	
	2d.  The “Up” and “Down” buttons work correctly.
	Length Select screen is displayed.

1.  Enter a value for the length of the pool.

2.  Press the “Enter” button.

3.  Observe the screen.

4.  Use the directional buttons to change the values on the screen.
	1.  Pressing “Up” and “Down” when the rightmost bit is selected will toggle the value between 5 and 0.

2.  Pressing “Up” when the left or middle digit is selected will increment the value by 1.  If the value is at 9, the next value will be 0.

3.  Pressing “Down” when the left or middle digit is selected will decrement the value by 1.  If the value is at 0, the next value will be 9.

	3.  After the “Shallow Depth” screen, the interface should display a “Deep Depth” screen.  The user should be able to enter a proper deep depth of the pool with the accuracy of 0.5 feet.
	3a.  “Deep?” should be displayed.
	Shallow Depth screen is displayed.

1.  Enter a value for the shallow depth of the pool.

2.  Press the “Enter” button.

3.  Observe the screen.
	1.  “Deep?” should be displayed in the upper right part of the LCD.

2.  “00.0” should be displayed in the lower right part of the LCD.



	
	3b.  The rightmost digit should be selected by default.
	Shallow Depth screen is displayed.

1.  Enter a value for the shallow depth of the pool.

2.  Press the “Enter” button.

3.  Observe the screen.
	1.  The rightmost “0” of the three digits on the screen should be initially selected.

	
	3c.  The “Left” and “Right” buttons work correctly.
	Shallow Depth screen is displayed.

1.  Enter a value for the shallow depth of the pool.

2.  Press the “Enter” button.

3.  Observe the screen.

4.  Use the directional buttons to change the values on the screen.
	1.  Pressing the “Left” button should always select the letter to the left of what is currently selected.  If the letter currently selected is the leftmost, the rightmost will be selected next.

2.  Pressing the “Right” button should always select the letter to the right of what is currently selected.  If the letter currently selected is the rightmost, the leftmost will be selected next.

	
	3d.  The “Up” and “Down” buttons work correctly.
	Shallow Depth screen is displayed.

1.  Enter a value for the shallow depth of the pool.

2.  Press the “Enter” button.

3.  Observe the screen.

4.  Use the directional buttons to change the values on the screen.
	1.  Pressing “Up” and “Down” when the rightmost bit is selected will toggle the value between 5 and 0.

2.  Pressing “Up” when the left or middle digit is selected will increment the value by 1.  If the value is at 9, the next value will be 0.

3.  Pressing “Down” when the left or middle digit is selected will decrement the value by 1.  If the value is at 0, the next value will be 9.

	4.  After the “Deep Depth” screen, the interface should display a “Pace” screen.  The user should be able to enter a pace with the accuracy of 0.5 seconds.
	4a.  “Pace?” should be displayed.
	Deep Depth screen is displayed.

1.  Enter a value for the deep depth of the pool.

2.  Press the “Enter” button.

3.  Observe the screen.
	1.  “Pace?” should be displayed in the upper right part of the LCD.

2.  “00.0” should be displayed in the lower right part of the LCD.



	
	4b.  The rightmost digit should be selected by default.
	Deep Depth screen is displayed.

1.  Enter a value for the deep depth of the pool.

2.  Press the “Enter” button.

3.  Observe the screen.
	1.  The rightmost “0” of the three digits on the screen should be initially selected.

	
	4c.  The “Left” and “Right” buttons work correctly.
	Deep Depth screen is displayed.

1.  Enter a value for the deep depth of the pool.

2.  Press the “Enter” button.

3.  Observe the screen.

4.  Use the directional buttons to change the values on the screen.
	1.  Pressing the “Left” button should always select the letter to the left of what is currently selected.  If the letter currently selected is the leftmost, the rightmost will be selected next.

2.  Pressing the “Right” button should always select the letter to the right of what is currently selected.  If the letter currently selected is the rightmost, the leftmost will be selected next.

	
	4d.  The “Up” and “Down” buttons work correctly.
	Deep Depth screen is displayed.

1.  Enter a value for the deep depth of the pool.

2.  Press the “Enter” button.

3.  Observe the screen.

4.  Use the directional buttons to change the values on the screen.
	1.  Pressing “Up” and “Down” when the rightmost bit is selected will toggle the value between 5 and 0.

2.  Pressing “Up” when the left or middle digit is selected will increment the value by 1.  If the value is at 9, the next value will be 0.

3.  Pressing “Down” when the left or middle digit is selected will decrement the value by 1.  If the value is at 0, the next value will be 9.

	5.  After the “Pace” screen, the interface should display a “Start” screen.  The “Start” screen should not show once the user has pressed “Enter”.
	5a.  “Start?” should be displayed.
	Pace screen is displayed.

1.  Enter a value for the pace of the swimmer.

2.  Observe the screen.
	1.  “Start?” should be displayed in the upper right part of the LCD.



	
	5b.  The Start Screen exits correctly.
	Start screen is displayed.

1.  Ensure the “Enter” button is released.

2.  Press the “Enter” button.
	1.  The Start Screen should vanish.

	6.  After the “Start” screen, the interface should display a “Run” screen.  This screen should display the pace entered in the upper left and the position of the laser.  The position of the laser should be marked with 2 pixels on the lower LCD screens.
	6a.  The user-input pace should be displayed in the upper left of the LCD.
	Start screen is displayed.

1.  Press “Enter”.

2.  Observe the screen.

3.  Press the “Enter” button after a few seconds of operation.  This will pause the motion of the laser.

4.  Calculate the width that each of the 32 position markers represents by dividing the length of the pool by 32.

5.  Use this information and a measuring tape to ensure the placement on the interface is within 1 yard of the actual laser.
	1.  The user-input pace should be displayed in the upper left hand corner of the LCD.

3.  The position of the laser on the screen should be accurate to the laser position in the pool to within 1 yard.

	
	6b.  The pause function works.
	Device is operating.

1.  Press “Enter” to pause the motion.
	1.  The motion of the laser both on the LCD and in the pool should stop nearly instantaneously.

	
	6c.  The position of the laser should be displayed in the lower half of the LCD.
	Device is operating.

1.  Press “Enter” to pause the motion.

2.  Calculate the width that each of the 32 position markers represents by dividing the length of the pool by 32.

3.  Use this information and a measuring tape to ensure the placement on the interface is within 1 yard of the actual laser.
	1.  The position of the laser on the screen should be accurate to the laser position in the pool to within 1 yard.

	
	6d.  The pace of the laser should be able to be adjusted in real time.
	Device is operating.

1.  Press “Up” and then “Down” on the interface.
	1.  The pace value displayed in the upper left of the LCD should be incremented and then decremented by 0.5 seconds.

2.  The change in pace should be reflected both on the lower half of the LCD and in the position of the laser in the pool.

	
	6e.  The position of the laser should be able to be adjusted in real time.
	Device is operating.

1.  Press “Left” and then “Right” on the interface.
	1.  The change in position should be reflected both on the lower half of the LCD and in the position of the laser in the pool.

	
	6f.  The position of the laser should be able to be adjusted when the pause button is pressed.
	Device is operating.

1.  Press “Enter” to pause the motion.

2.  Press “Left” and then “Right” on the interface.
	1.  The change in position should be reflected both on the lower half of the LCD and in the position of the laser in the pool.


Microcontroller/PIC/Xbee

	Requirement
	Subrequirements
	Test Steps
	Expected Results

	7.  Xbee Wireless must be able to transmit and receive 100% of the time when the interface is within 30 yards of the device.
	7a.  Xbee Wireless can communicate at any distance.
	1.  Remove device from the pool.

2.  Place the device flat on the side of the enclosure roughly 5 feet away from a wall with the laser-emitting side of the device facing the wall.

3.  While standing close but away from the laser, power on the device and set it to run at a pace of 30s.
	1.  The laser should be shown on the wall and should be moving back and forth.

2.  The position of the laser on the wall should roughly correspond to the position of the laser displayed on the LCD.

	
	7b.  Xbee Wireless should communicate correctly when within 30 yards.
	The device is operating and set up as in requirement 7a.

1.  Move 10 yards away from the device.

2.  Ensure you can still pause the device by pressing the “Enter” button.

3.  Ensure the position is being output correctly to the interface by comparing the placement on the wall to the LCD screen.

4.  Move away from the device 2 yards.

5.  Repeat steps 3 and 4 until failure.
	1. Each time the “Enter” button is pressed, the laser should stop moving.

2.  The position of the laser on the wall should approximately correspond to the position indicated on the LCD.

3.  Failure of either of these conditions should not happen until after 30 yards of distance has been established between the interface and the device.


Microcontroller/Laser/Motor

	Requirement
	Subrequirements
	Test Steps
	Expected Results

	 8.  The laser must always be within 2 feet of the calculated value.
	8a. Laser should turn on and be able to be seen in water from up to 40 feet.

8b. Laser pointer should turn on for 5 seconds and then turn off.
	1.Turn laser on

a. Directly power laser from a 2.4V DC source

b. Put in waterproof enclosure

c. Set it into a pool 

d. Remove from pool and from waterproof enclosure

2.Connected laser on/off input to microcontroller

3.In parallel, connect laser on/off input to oscilloscope.

4.Program microcontroller to send high bit to laser for 5 seconds and then send a low bit

5.Program laser to move at a pace of 30 seconds per length of pool

6.Pause laser every 5 seconds and record distance laser has moved

7.Calculate expected value of the distance at each of the 5 seconds paused
	1. Laser pointer should turn on and emit a red dot

2. In pool, laser should be able to be seen 40 feet away

3.When high bit is sent to laser, oscilloscope should read 1.5V for 5 seconds.

4.After 5 seconds, the oscilloscope should read 0V and laser should turn off

5.Expected value of distance moved - Actual value of distance moved should be less to 2 ft for all values calculated

	
	8c. Laser Pointer should move towards other end of pool and be within 2 feet of expected value at each interval.
	
	

	9. The laser must complete a length within 0.5 seconds of the value input by the user.
	9a. Laser pointer should turn on and interface should read 30 seconds for each length of the pool.
	1.Turn laser on

2.Program laser to move at a pace of 30 seconds per length of pool

3.Start movement of laser at the same time as someone starts the stopwatch

4.Stop stopwatch when laser reaches end of pool.
	1.Stopwatch time - 30seconds should be less than .5 seconds.

	
	9b. At end of pool, laser pointer and stop watch are both within .5 seconds of each other.
	
	

	10. Motor must be within 2 degrees of expected value for each pulse width
	10a. Motor and microcontroller both turn on.


	1.Power on both motor and microcontroller through a power source.  Motor should be 4.8V power, microcontroller should be 3.0V.

2.In parallel, connect motor control signal to function generator

3.Input 1945 microsecond square wave into function generator

4.Use protractor to measure and see if it moved 45 degrees from initial position

5.Input 2400 microsecond square wave into function generator

6.Use protractor to measure and see if motor moved 90 degrees from initial position

7.Input 1600 microsecond square wave into function generator

8.Connect motor control pin to microcontroller

9.In parallel, connect motor input signal pin to oscilloscope

10.Program microcontroller to send out 1945 microsecond square wave pulse

11.Program microcontroller to send out 1500 microsecond square wave pulse
	1.Motor should move 45 degrees to the right after step 3.   45 degrees - protractor value measured in step 4 should be less than 2 degrees different

3.Motor should move 45 degrees more to the right. 90 degrees - protractor value measured in step 6 should be less than 2 degrees different.

3.Motor should move back to original position or 90 degrees to the left after step 6

4.Check oscilloscope to see 1945 microsecond square wave pulse after step 10 and also check to see if motor moved 45 degrees to the right.

5.Check oscilloscope to see 1500 microsecond square wave pulse after step 11 and also check to see if it moved back to original position.



	
	10b. Motor should move to 45 degrees to the right
	
	

	
	10c. Motor should be 90 degrees relative to initial position.
	
	

	
	10d. Motor should return to original position.
	
	

	
	10e. Oscilloscope should read a square wave with 1945 microsecond pulse.
	
	

	
	10f. Oscilloscope should read a square wave with 1500 microsecond pulse
	
	

	11. Laser intensity must be kept under safe-to-eye conditions (10mW).
	11a. Laser turns on.
	1.Turn laser on

2.Measure with an optical power meter 
	1. Check reading to make sure laser is under 10mW

	
	11b. Laser power measured is within safe-to-eye conditions.
	
	


3.2.0 Tolerance Analysis:

We are assuming that the shallow to deep end transition is a straight transition.  However, we wanted to put this to the test so we assumed some slopes for the change from the shallow to deep end.  Also, we assumed some values for the depth of the shallow and deep end.  

Assumed:

[image: image42.png]h2
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Actual:

[image: image43.png]



The slope of the line is assumed to be value z.

The equation for theta for our assumed case would be 

[image: image44.png]


tan-1(d/h1)

We take that theta and then use it for our actual case.
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Solving for y will make it
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I then looked at 3 cases with different variables and checked the error between the y value and the d value.

If we assume d=1ft, h1=10ft, h2=3ft, z = ¾ and plug values into the equation, then we get y = .475ft.  This is within our 2 ft tolerance.

If we assume d=2ft, h1=10ft, h2=3ft, z=3/4 and plug values into the equation, we get y =1.3ft.  This is within our 2 ft tolerance.

If we assume d=3ft, h1=10ft, h2=3ft, z=3/4 and plug values into the equation, we get y = 2.475ft.  This is within our 2 ft tolerance.

4.0.0 Cost and Schedule

4.1.0 Cost Analysis:

4.1.1 Labor: 

$30/hour x 100 hours x 2.5 x 3 people = $22,500 Dollars

4.1.2 Parts:

	Parts
	Description
	Quantity
	Price
	Cost

	Phico M-0 9949 94V-0
	L.C.D. + Driver
	1
	$8.95 
	$8.95 

	Xbee
	Wireless transmitter/Receiver
	1
	$19.00 
	$19.00 

	HS322HD 
	Servo Motor
	1
	$6.96 
	$6.96 

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

	PIC16F877a
	Microcontrollers
	1
	$3.71 
	$3.71 

	TI MSP430
	Microcontrollers
	1
	$4.35 
	$4.35 

	Assorted Caps, and Resistors
	assorted caps and resistors
	N/A
	$10.00
	$10.00

	Connection Shafts
	Connecting shafts between the motor and laser pointer
	1
	$5.00 
	$5.00 

	8"OD Polycarbonate Tube
	Enclosure for laser and motor
	1
	$39.99 
	$39.99 

	PCB
	PCB
	1
	$15.00
	$15.00

	
	Total Cost
	
	
	$132.95 


4.1.3 Total Cost:

The total cost for the project is:

$22,500 + $160.82 = $22,660.82

4.2.0 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
	Research power and best available power supply

	02/26/12
	Research laser and safety
	Order motor and assemble laser pointer
	Start building interface, order enclosure from machine shop

	03/04/12
	Begin programming microcontroller
	Check step size for motor by varying pulse width lengths
	Assemble interface, learn more about C programming

	03/11/12
	Individual progress reports, continue programming microcontroller
	Individual Progress Reports, Make circuit using batteries for motor and laser 
	Individual Progress Report,  Order PCB, test interface to make sure buttons work

	03/18/12
	SPRING BREAK
	SPRING BREAK
	SPRING BREAK

	03/25/12
	Mock Demos, Test and verify wireless communication
	Mock Demos, Check signals from microcontroller to motor
	Mock Demos, Start soldering PCB for interface

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

	04/08/12
	Ensure microcontroller interfaces correctly with with wireless communication
	Ensure microcontroller interfaces correctly with 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


5.0.0 Ethical Considerations


The ethical issue that we need to consider for this project is the intensity of the laser that will be used to create the target on the bottom of the pool. The less than 10mW laser should not be dangerous because the human body has a natural blinking reflex that will prevent the laser from doing damage to the eye, but as an extra precaution the beam of the laser will be expanded to lower the intensity ensuring that retinal damage does not occur. 
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