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Abstract


Laser Guided Swim Pacer is a device that allows the pacing of swimmers in a pool.

Its function is to pace and train swimmers accurately in a pool.
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1 Introduction
1.1 Purpose

The purpose of the Laser Guided Swim Pacer (LGSP) is to pace swimmers at varying paces with a visual cue that is projected on the bottom of the pool. Benefits of this design include:
· Precise Motor Control

· Easy User Interface

· Portable
· Low Maintenance aka Low Power

· Fast Setup Time

· Affordable

· Safe Operation

1.2 Project Functions
Functions included in the design of the project are a user interface that is easily navigable, communication to the motor side of the project, accurate movement of the motor position, and a safe laser. Features included in the project are as follows:
· Real time control of pace and position in the pool

· Device is adaptive to different pool sizes and depths

· Wireless communication between the device and controller

· Intuitive interface

· Safe laser

1.3 Modular Blocks
The project is composed of three subparts.


Interface. Used to interact with the coach and take vital data used for pacing.

Power Supply. Used to power all parts of the project and provide adequate voltages for all components.
Motor. Used to control the visual cue that the swimmer follows.

2 Designs
2.1 General Design Alternatives:
Alternatives that were decided on while the project was in development were the exclusion of the Xbee wireless, alternative powering methods, PCB, and the use of two MSP430s as opposed to PICs.
Wireless communications using the XBee was non functional.  This is a result of the differing firmware between both of the Xbees. A solution to this problem was to completely redo the firmware on both Xbee modules. The Xbee modules were also very prone to burn out. To address this alternative forms of wireless can and should be considered. Additionally the wireless aspect of this project was close to half of the project cost. Removing wireless communication would greatly reduce the cost of the project. Coach Howard was also in favor of having the device mounted to the side of the pool instead of the intended lane line. This approach would add stability to the motor and overall more precise laser control.
Another alternative considered was powering methods. There was a bug when trying to power both the MSP430 and the servo motor. The MSP430 would lose sufficient power and reset when trying to operate the motor. To alleviate the issue a separate power supply was used to power the motor, but a more stable option would be to consider powering the device from a DC converter. Many pools have DC converters thus making it a viable option for steady and reliable power.

The PCB was also unable to be printed due to errors in EAGLE. The project was mounted securely to a protoboard and the protoboard mounted to the inside of the project box. This was not an ideal solution but it worked.

Lastly, the MSP430 was chosen instead of the PIC for the interface side of the project. This was chosen because programming with the LaunchPad, provided by Texas Instruments, is much easier than programming with the PIC. The MSP430 also was more powerful in terms of programming than the PIC. It was also equally as cheap and had extremely helpful support from TI.
2.2 Block Diagram
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Figure 1: Block Diagram
2.3 Detailed Description of Design
2.3.1 Overview
The LGSP is broken up into two physical components; the interface, and the motor side device. The interface is composed of the MSP430g2553, a LCD, power supply, Xbee module, and additional switches. All components excluding the Xbee required +5V source. The Xbee required +3.3V source. To accomplish this we used 2 sets of voltage regulators. One voltage regulator lowered the +6V source from the batteries down to a +5V source and the other brought modified the +6V source to a +3.3v source. This part of the project was housed in a project box with holes machined for the LCD.


The motor side device was composed of a microcontroller, servo motor, Xbee module, and laser diode. These components are powered the same as the interface but with a different power source. This physical device is mounted inside of cylinder with the laser diode centered such that the projected laser is perpendicular to the side of the cylinder. This also allows the lasers intensity to be diminished by the expansion of the beam caused by the polycarbonate cylinder. 
2.3.2 Interface Display

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.
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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.

[image: image2.png]SHALLOW?
00. O




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.

[image: image3.png]DEEP?
00. O




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.

The MSP430 will communicate between the interface and the Xbee Wireless.  To communicate with the Xbee Wireless, the MSP430 will need to create a UART(Universal Asynchronous Receiver/Transmitter) signal. The interface consists of a transmit data line and a receiving data line.  The MSP430 on the motor side will work the same way.  It will need to read a UART signal coming from the other microcontroller.   There are other necessary signals described below under “Motor”.   The necessary signals for the interface are described above under “Interface”.

2.3.3 Motor side Device

The motor side operates by receiving user defined inputs from the interface. It then takes these inputs to be used in an approximation of a Taylor series expansion of inverse tangent. This approximation tells the motor what angle the motor needs to be positioned at during the next position update. The microcontroller then sends the required pulse width to the motor to control the motor precisely. 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.  
The laser is also initialized when the microcontroller on the motor side begins the pace execution.
2.3.4 Detailed Block Description
Power: The power for this project will be supplied by two sources.  One source will provide power for the interface, microcontroller and one of the wireless communicators.  Another source will provide power for the motor and the other site of wireless communication.  We will be using 4 C batteries for both of the sources. The voltage across the batteries will be a +6V. The voltage will be stepped down via a linear voltage regulator. It can also be modified with a voltage divider.

Interface: The interface is how the user will interact with LGSP. The interface will accept 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. The display 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 will be used as arrow keys on the interface. The on/off switch, reset, and enter buttons will be added via additional momentary and toggle switches.
Microcontroller: There will be two microcontrollers present at in the device.  Both microcontrollers are the MSP 430g2553. 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.  However, there is a bug in the trigonometric functions for this microcontroller so we had to approximate this tangent function.  This microcontroller will be the interface between the Xbee and servo motor, as well as toggle the laser’s power. In addition, the MSP430 also has 3 timers which we can use to create a UART signal.  The other one will be on the interface side. 
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 two MSP430s.  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.

2.4 Schematics
Detailed Schematics are shown in Appendix A.
3 Verifications
3.1 Testing Procedures
3.1.1 Interface Display

The testing procedure for the interface was to see if it went through all the proper states that were described above, and if there were any character errors present during testing. The interface was tested with the steady +5V source and the battery packs to make sure there were no discrepancies in performance. If the interface failed one of these state checks, the code for the interface would be reexamined and debugged.

3.1.2 Motor Side
Primary motor testing was powering the motor and seeing it in operation. This means if it could operate from the user input values. This also entails receiving the data from the interface.
3.2 Functional Testing

3.2.1 Success
The LCD in the interface and user input system worked flawlessly. The interface could easily go through all states depending on the user’s input. The laser was also working reliably. The motor and power supplies worked to some degree

3.2.2 Failures

The biggest failure was the wireless communication. The Xbee modules from the lab were defective. Some were burned out and other lacked the correct firmware to allow for receive transmit to work. As a result the motor side of our device was directly connected to the interface.


Additionally when the motor was connected with the interface the power supply was not strong enough to power both the motor and the microcontroller. As a result, whenever the motor began to power on it drew enough current from the microcontroller that it would reset the microcontroller. To fix this issue another set of batteries needed to be connected to the motor or direct source from a lab bench or lab box could be used. 


Another error that occurred was when the pause state was initiated and then deactivated the motor would reset from the initial position. This was a bug in the code. It was easily fixed by ignoring the position initiator while in the pause state.


A failure involving the microcontroller was that our microcontrollers were too new. A compiling error confirmed by Texas Instruments disallowed us to include the math.h header which would have allowed easy calculations of the inverse tangent. Instead the code relied on a Taylor series expansion of the inverse tangent function. It was a fairly good approximate but still left room for error. This problem will be addressed in the next version, 4.0.2, of the compiler for Code Composer Studio (CCSv5). 
Additional verification testing is addressed in Appendix C.

4 Cost

4.1Cost Analysis:

4.1.1 Labor: 

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

4.1.2 Parts and Materials
	Parts
	Description
	Quantity
	Price
	Cost

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

	Xbee
	Wireless transmitter/Receiver
	2
	$20.00 
	$40.00 

	Xbee Simple Board
	Allows Xbee to Protoboard
	2
	$10.00
	$20.00

	HS322HD 
	Servo Motor
	1
	$6.96 
	$6.96 

	Laser Diode
	5mW Laser 
	1
	$25.00 
	$25.00 

	TI MSP430g2553
	Microcontrollers
	2
	$4.35 
	$8.70 

	TI LaunchPad
	TI Programmer
	1
	$4.30
	$4.30

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

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

	Protoboard
	Project board
	2
	$8.95
	$17.90

	Project Box
	Interface box
	1
	$8.95
	$8.95

	
	Total Cost
	
	
	$190.75


4.1.3 Total Cost:

The total cost for the project is:

$22,500 + $190.75 = $22,690.75
5 Conclusion and Ethical Considerations

5.1.0 Ethical Consideration


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. 

Another ethical concern to consider is the use of a DC converter source versus batteries. If the DC converter is chosen, tests should be done to conclude that the current is limited through the device as not to electrocute the swimmers.
5.2.0 Accomplishments
The accomplishments for this project mostly revolve around laying the ground work for the next version of this project. What was accomplished in terms of the interface and overall movement of the motor/laser was a great stepping stone.


The interface offered an easy menu that the coach or user could use. Data acquisition on the user interface worked. Additionally the microcontroller in the interface sent the correct values that would be used in calculation to the motor. The motor worked to an acceptable degree that a swimmer could still use the product. That being said for the result achieved the cost of the build should be noted. The LGSP was by far the cheapest of any of the swim pacers. Even more so removing the cost of the Xbee modules, their simple board attachments, and reducing the size of the motor side vessel would reduce the cost of the project by at least $80 dollars.


The power supply and polarity protection was a minor accomplishment. Through testing we could show operation on the battery packs. However, with the motor resetting the microcontroller, it was thought best to show the client, Coach Howard, the full extent of what the project could do unhindered.
5.3.0 Uncertainties
One of the aspects that did not work was the XBee Wireless communication.  This is most likely due to a firmware issue with the device that was mentioned earlier.  A way that this problem could be fixed is by using a wire to connect it to the computer so that our group could check the latest firmware updates.



Another issue that the project ran into was when the tangent function did not work.  This was due to a compiler error within the MSP 430s.  It could be fixed by a lookup table or by waiting for new software to be developed by TI.  The motor also had the problem with being inaccurate at times.  The key reason for this was the motor only cost $6.  There needs to be a more expensive motor put in so that this error could be lessened or removed.


Additionally powering of the device would need another battery pack to power the motor separately from the microcontroller portion of the project. This would solve the powering issue that had occurred. Likewise a dc converter could also be used.
5.4.0 Future Works

One of the main ways that we could fix the XBee problem would be to remove it altogether.  Coach Howard mentioned that he would not mind if this device was hooked up to a side of the pool.  This would remove the wireless part completely, thereby cutting cost by at least $60.  The motor should be upgraded.   As mentioned previously in the report, a $20-30 motor would have much better accuracy and be far more reliable.  Also, the tangent lookup table is another option that should be explored. This would remove the need for the inverse tangent approximation. The error in the motor’s operation is expected to diminish if not vanish with such implementation.

Another route to discuss is implanting the wireless communication. Alternative wireless communication would most likely be used, but a more refined product is a definite option. As far as refined options are concerned having the PCB printed is another addition to the project that would aid in reproducibility and ideally minimize the work that someone building this project would have to do.

Appendices
Appendix A –Schematics
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Figure 3 – L.C.D. + Driver
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Figure 4 Motor side pin Schematic
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Figure 5 Interface Display Schematic
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Figure 6 Interface PCB design (incomplete)
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Figure 7 Flow Diagram
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Figure 8 Flow diagram for Interface States
Appendix B – Assumptions and Calculations
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:
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Actual:
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The slope of the line is assumed to be value z.

The equation for theta for our assumed case would be 
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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.

Calculation of [image: image18.png]


 and max([image: image19.png]


):
The purpose of this calculation is to derive a formula for theta and eventually the change in Theta.  We need to ensure that the change in theta 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 2
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), 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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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.
Appendix C – Verification/Testing

Interface/Display Tests
	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.


Xbee/Wireless Testing

	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.


Motor Side Testing

	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.
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