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1 Introduction
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Our product, Swimmer’s Eye, will detect a visually impaired swimmer in the water and alert the swimmer when they are getting close to the wall so they know to perform a flip turn.  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.  There are several problems with this method and our solution will address these.  

The High Level Design of our product will involve radio frequency identification (RFID) and a wireless communication system.  We considered other technologies including infrared and ultrasonic sensors and ultimately decided that RFID was the most appropriate solution.

2 Specifications
The following properties are crucial to the operation of the device.
2.1 Impervious to water

The technology used in this project is based on electronic components so everything will need to be sealed to avoid potential hazards and failures due to exposure to water.

Professor Strebinger has offered to help with any CAD/CAM to make waterproof housings for components.
2.2 Small 

The device will need to be small enough to cause minimal drag when attached to the swimmer.  This will also help ensure that it will not be uncomfortable for the swimmer or affect their performance.  Optimally the device will be contained inside the cap or attached to the goggles.  

RFID tags tend to be small and should be fairly easy to conceal on the swimmer, particularly the tag from ActiveWave.

2.3 Non-auditory notification

In competitive swimming, even in training, swimmers may not have an auditory aid to alert them of their proximity to the wall.  The device must alert them in a way that is non-auditory.  

We plan to use a small vibrating motor in a manner analogous to a cell phone vibrator.  This motor may be already built into the tag or we may have to modify the tag to include the motor.
2.4 Reliable

The device is designed to give swimmers the confidence to swim at their maximum ability.  So, it is crucial that the device does not fail because it could incur serious injury.  It is desirable to not have to replace the device frequently.

RFID active tags have excellent battery life and will probably only need to be replaced once every six to twelve months (must be tested with our system, but some RFID tags have lifetimes of years before the battery dies).
2.5 Tunable

Differently sized swimmers will need to perform their flip-turn at different locations.  This will require notification at unique distances from the wall.  The sensing mechanism needs to be adjustable to account for the differences.  

Depending on which technology is used, it may involve adjusting power to the antenna or some other electrical signal, or using the provided software to tune the device.
2.6 Easy operation and setup

Because the device is designed for the visually impaired, operating it should not rely on sight.

We will work with our customer to develop an intuitive touch-based interface.

There are additional properties that would improve device quality but are not necessary to solve the problem.

2.7 Mobile
The design of the device assumes that it will be used in Rolf’s Aquatic Center.  However, swimmers may wish to use it in other pools.  Easy transfer of the system would give them this flexibility.  
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Self-monitoring 
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The batteries used in the device should have a long lifetime.  Recommendations to replace the battery well within this lifetime will be made to the users.  However, the device’s ability to determine its power status would ensure greater safety.
2.9 Record swimmer information
It is not necessary for device operation to identify the swimmer, but it would be useful in the case when there are multiple swimmers.  Also, this information could be used to record performance statistics.
3 High Level Design
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Our High Level Design consists of two subsystems in our solution:  sensing the swimmer and signaling the swimmer.  When completing the high level design of the sensing part of the problem, we considered several different technologies:  infrared, ultrasonic, and RFID.  To determine which technology would best suit our needs, we first had to determine which the important considerations in the design were, then make our decision based on the performance of each technology under the considerations.  The signaling aspect of our design will depend on which sensing tag we use.  

[image: image1]
3.1 Sensing the Swimmer

3.1.1 Design Considerations
The system we will use will consist of a sensor tag on the swimmer, and a detector on the end of each lane.  We had to think about interference due to other swimmers in the pool.  Consider the situation in which a swimmer is swimming at the edge of their lane, along the lane line.  Then add in another swimmer in the next lane over, swimming along the same lane line.  Unless our sensor is precisely focused, differentiating these two swimmers will be very difficult.  We cannot assume the swimmer will swim down the center of the lane, so we will have to have the scope of our sensor sense the entire lane—this may result in some overlap with another lane.  
Another issue we had to address was interference due to the environment—the pool and the water.  This includes the air-water interface and the waves and turbulence in the pool.

3.1.2 Type of Sensor
Both infrared and ultrasonic sensors create a conic scope of area sensed.  Anything or anyone that enters this area will be picked up by the sensor.  At the fundamental level, each person is not sensed uniquely, so interference from other swimmers in the pool is a serious issue.  If the scope is off, even by a few inches, a swimmer in an adjacent lane may set off the system prematurely.  The most attractive feature of RFID is that technology already exists that will uniquely identify the sensor attached to each swimmer.  The sensor will only respond to a specific tag that will be attached to a person, so swimmers in adjacent lanes will be distinguishable by the sensor.  Because of this feature, we decided that RFID is the appropriate technology for the sensing part of our product.  Physically, the tag will be located on the swimmer (probably in the swimmer’s cap) and the reader and antenna will be external to the pool. 

3.1.3 How RFID Works

The basic operation of RFID is that a reader sends out a signal via an antenna and receives data back from a tag or transponder.  The tag is attached to something, in our case the swimmer, and when it enters the electromagnetic field output by the antenna, an activation signal enables the tag.  The tag will then transmit the data it stores back to the reader to be processed.  Data may also be passed back to the tag from the reader if necessary (for example, to enable the signaling circuit).  
3.1.4 Active or Passive  

The effect of the air-water interface on the RFID sensor is that the signal from the reader is greatly reduced as it is absorbed by the water.  There are two types of RFID systems: active and passive.  In passive systems, the tag has no internal power supply. The reader emits a signal that powers the tag just enough for the tag to send its data back to the reader.  Underwater, the signal from the reader would be completely absorbed and the tag would not receive enough power to be activated; in essence, it will not be sensed.  Passive tags have very limited ranges, on the order of 10cm to a couple meters.  Active tags have their own power source and therefore do not require power from the reader/antenna to transmit their data.  This makes it possible to transmit data, even in difficult environments like water.  They also have much longer ranges (tens of meters).  
One point to consider is that with a power supply (such as a battery) on the sensor, we must be concerned about power failure. Power supplies on active RFID systems have a long lifetime, so if we are unable to monitor the power, we will recommend the supply be replaced well before its expected lifetime.  
3.2 Signaling the Swimmer
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Signaling the swimmer consists of processing the signal from the sensor and notifying the swimmer.  Two of the technologies that we are considering utilize sensing tags that vibrate when they are sensed.  In these cases, processing takes place within the reader.  It is also possible to use an external processor if we decide it is necessary.  
The processor will actively work with the reader to determine if a swimmer is within the desired range.  If a tag is not detected, no action will be taken.  When a tag has been detected, the processor will receive information corresponding to the tag and determine whether or not to send notification.  
3.2.1 Ekahau Wi-Fi tag T301
These tags are outfitted with a buzzer that can be remotely activated.  We can utilize this feature in order to alert the swimmer when the reader has detected the tag.  Configuring the tag to be operated in this manner can be done through the Ekahau software.  
3.2.2 Active Wave compactTag

These tags operate at two different frequencies, one for transmit and one for receive.  The receive frequency can be used to trigger a built-in LED or buzzer.  In order to use this technology, we would need to replace the beeping buzzer with a vibrating motor.  
Based on these technologies, the tag will be activated at any point after it has been detected by the reader.  This would cause the tag to be reactivated after the swimmer has performed the flip-turn and begun to swim away from the wall.  Avoiding this false reactivation can be dealt with in the processor software.

4 Conclusion

The next steps we must take in the design process are first to contact the suppliers (Bluebean and Ekahau) and set up meetings to discuss which specific RFID technology would be appropriate for our project.  This will include finding out whether or not the tag is already outfitted with a vibrating motor or if we will need to implement that part of the design ourselves as well as finding out about whether or not the system is tunable to within a small range.  We will also need to find out the cost of implementing the system.  

Once we have decided on a technology, we must purchase the necessary components and mold them to fit our project.  This will probably require some hardware adjustments and altering the software included with the system.
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We considered other technologies including infrared and ultrasonic sensors.  





The basic operation of RFID is that a reader sends out a signal via an antenna and receives data back from a tag or transponder.  
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Our High Level Design consists of two subsystems in our solution:  sensing the swimmer and signaling the swimmer.  





The device’s ability to determine its power status would ensure greater safety.



























Page 8 of 8

