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1 The Problem
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The issue at hand is devising a product which will detect a swimmer in the water and alert the swimmer when they are getting close to the wall in order to perform a flip turn.  This product will be directed towards the visually impaired swimmers.  The current “technology” being used for this is simply an adjustable pole with a soft end piece, for example a tennis ball.  This apparatus requires that someone stand outside both ends of the pool and tap the swimmer when they are getting close to the wall.  

This current method raises several problems.  
1.1 Dedicated Personnel
This method requires two extra people in order to operate successfully.  Two separate people, other than the swimmer, must be present and aware of the swimmers location in the water in order to alert the swimmer of their proximity to the wall.  
1.2 Inconsistency

It is impossible to alert the swimmer at the same distance every time.  The gEEk squad has had first-hand experience with this method, and had difficulty tapping the swimmer.  The swimmers head and body are constantly moving and sometimes the tapper will miss on their first attempt.  
1.3 Uncertainty and Lack of Independence 

The visually impaired swimmer is unable to swim alone without fear of the wall.  In order for the swimmer to practice at full potential, they need to have no uncertainty about how far they are from the wall or if the tapper will be inaccurate.  Any hesitance will cause their times to increase.  In addition, relying on a person to act as a tapper takes the control of the signaling from the swimmer.  They cannot independently determine when they want to turn, but must try to communicate this to the tapper.
2 Our Customer
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The main customers for our product will be Professor Richard Strebinger and Coach Annie Sawicki.  The issue was raised by Professor Strebinger who has observed Coach Sawicki’s work with visually impaired swimmers.
3 Operating Environment
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For our product we will focus on use in “our pool”, the Rolfs Aquatic Center. The environment in which our product will operate is in pools and underwater.  The primary use will be for training or recreational swimming.  With approval from the Olympic Committee, at some point it may be used in competition.  
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Parts of the Problem
There are two main parts in developing our product.

4.1 Sensing the Swimmer

This part will involve researching devices that will sense the swimmer’s proximity to the wall and send information to a processing device.  These devices may include sonar or other motion detectors. 

4.2 Alerting the Swimmer

When the swimmer is at the location to perform a flip turn the processing device must transmit a signal to the alerting device.  This device will use a vibration technique.
5 Constraints and Considerations
There are many constraints that must be taken into consideration as we begin product design.  
· The most obvious constraint is that we will be developing an electronic product that must operate underwater.  The device will need to be sealed off in a waterproof container to prevent harm to the device and the swimmer.  
· Conceptually, the biggest design constraint is that the Olympic committee has outlined regulations that state that visually disabled swimmers are not allowed to receive auditory signaling.  We will need to develop a product that alerts the swimmer to the presence of the wall using only their sense of touch.  
· Because the swimmers will be swimming competitively, they would like as little drag as possible; also, when they dive into the water the device will feel the impact.  For both of these reasons, the design must be as sleek and unobtrusive as possible, being stored possibly under the cap or inside of the goggles.  

· As far as the sensors in the pool are concerned, we must consider the effects of signal interference.  This interference can come from other swimmers swimming in close proximity, and it can also come from the surface of the water.  At the surface of the water, there will be many contributors to noise including waves and the water/air interface.  False readings on the sensor may also come from the swimmer themselves.  
· We must make sure that the sensor alerts the swimmer only when they are incoming, not when they are outgoing.  This means that there must be sensors at both ends of the pool.  
· The final thing we must take into consideration is that every swimmer will be a different size and will want to turn at different times, for example taller swimmers will want to turn earlier than shorter swimmers.  We must decide whether or not to have a way to calibrate the product to the needs of each individual swimmer.  These constraints and considerations are not an exhaustive list, but are the key ideas we have at this stage of the design.

6 Features for Solution
Several features are critical to the design to make it useful to the customer.  These features address each part of our problem, and the troubles with the current technology.
6.1 Sensing the Swimmer

· Sensors are needed at each end of a lane.  The swimmer will want to do a flip turn at each end, and considering the distance and operating conditions involved, it will be best to sense them as they reach each wall.  

Issue Addressed: Multiple sensors will eliminate the need for a dedicated tapper to run from one side of the pool to the other.  

· There is a need for the device to determine whether the swimmer is inbound or outbound.  As the swimmer approaches the wall and after they turn they will swim through the same sensor.  The technology needs to be intelligent enough to realize they have already sensed the swimmer, and not signal them to turn again.
6.2 Alerting the Swimmer

· Because Olympic rules prohibit the use of auditory signaling to indicate to a swimmer that they are approaching a wall, our device will use vibrations as a signaling method.  This broadens the use of the device from just recreational swimmers to include competitive swimmers.  In addition, the environment is noisy, and a contact signal may be more noticeable, particularly if it is placed directly on the body.
Issue Addressed: The electrically transmitted signal will trigger at the same distance from the wall every time given a certain calibration.  This consistency cannot be matched by a tapper.

· Because of the importance of knowing where the wall is, proper operation of the device is critical when in use.  Failure in the device could result in serious injury.  A low battery signal or other failure will be emitted from the device should either situation occur.
Issue Addressed: The devices ability to indicate when it is not reliable will alleviate uncertainty, and allow swimmers to place trust in the device that they may not be able to have with human tappers.  

6.3 Use

· All swimmers are not built the same, so the settings that determine when a swimmer will be signaled need to be adjustable.  The device will include a means of calibrating it in real time.  This is useful if the swimmer finds their preference of when to turn changing throughout a session, for example, when changing strokes.
Issue Addressed: Because a swimmer is in control of when they will be signaled, they have an independence that they could never have with a human tapper.  They can determine exactly when they want to turn.

· The location of the vibrating device on the swimmer may be flexible.  Visually impaired swimmers wear blacked out goggles, so the insides of these may serve as a location for device components since swimmers do not need to see through them.
7 Useful Technologies
In our preliminary research, we have found several pieces of existing technology that may be useful and we have identified a few resources to help with the development.  
7.1 “Sportzjam” radio

The first product we found is an underwater radio called “Sportzjam.”  This is a palm-sized device with underwater headphones that acts as a receiver.  It comes with a transmitter that can be connected to a radio, an mp3 player, or a microphone to transmit audio signals to the device.  We had originally thought this device could be used as it is, but with the restrictions from the Olympic committee we may only be able to use it as an example of wireless communications.  
7.2 Cell phone vibration motor

We may be able to modify the underwater radio or create our own copy where, instead of headphones, we use a cell phone vibrator. We hypothesize that, because cell phones can “ring” with sound or vibration, modifying the radio would be a logical step.  We found one website where a “rumble mouse” was made by modifying the existing mouse with a cell phone vibrator.  The cell phone vibration motors are inexpensive and appear to be easy to use and install.  
7.3 CAD/CAM

Dr. Strebinger has offered to help us with CAD/CAM and rapid prototyping for any sort of waterproof enclosure we may need.  
7.4 Sensor Research

Another resource that will be useful is the sensor research that is taking place at Notre Dame.  We can learn about different types of sensors from the professors and get advice about which sensor will be best for our project. 

8 The Plan

8.1 Research

1. A wide survey of sensor technologies must be performed to decide what viable sensory options exist.  The success of the project hinges on the ability to accurately sense the swimmer at some desired distance from the wall.
2. The type of processor necessary will be derived from the requirements of the system so not much work can be done until the other portions are finalized.

3. Transmitters will play a very important role because the system must be wireless.  A person cannot swim with a wire tether so some wireless system must be implemented.

4.  We must also research underwater power sources to develop our understanding of waterproof construction and electrical safety underwater.

5. Choose some sort of stimulating device to alert the swimmer.  Due to restrictions from competitive bodies around the world (most notably the Olympic Committee) the swimmer must be alerted by some physical sensation to prevent interfering alerts (i.e. yelling at the swimmers but not being able to discern if the auditory alert is for the correct person).  For this reason we have decided to pursue vibration technology.   

8.2 Design Decisions
Once the above research has been completed, we can start making our design decisions.  At this point, we will be able to answer all our questions pertaining to feasibility.  This will allow us to begin formulating a final product design.
8.3 Order Parts and Build

From the design, we will order the proper parts to start laying out the device (eventually a Printed Circuit Board if desired).  With the circuit designed, we can then work with Professor Strebinger on the CAD/CAM process to make different prototype units and work with our customers (both blind swimmers and their coaches) in finalizing the user interface.  
8.4 Design Test

Once we have a prototype, we will begin testing.  This will be done by team member, Beth, who has swimming experience.  She will wear blacked out goggles to simulate visual impairment.
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