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Abstract
SAVi, a Shopping Assistant for the Visually Impaired, is a system designed to aid the blind or the sight-impaired shopper in identifying and selecting products off the shelf in a store. Utilizing Radio Frequency Identification (RFID) tags and ubiquitous computing devices, SAVi looks to take advantage of the tags which may soon be universally affixed to products in grocery stores and supermarkets. A glove device with an integrated RFID scanner is worn by the user, and scans ID tags as products are handled. This information is transmitted to a hip-worn personal server, and audio feedback is provided to the user, communicating the name, brand, and price of the item. SAVi seeks to address an important accessibility issue with low-cost RF-technology and ubiquitous computing components.
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Introduction

Accessibility of services and information is an important goal for modern technology. With the increased capabilities of computers and computing devices comes an increased responsibility to use this technology in assisting those whose quality of life could potentially be greatly improved. SAVi, a Shopping Assistant for the Visually Impaired, is a product designed to address one small portion of this larger issue, and seeks to aid the blind or the sight-impaired shopper in independently identifying and selecting products off the store shelf without the need of human assistance. It takes advantage of the fact that although the sight-impaired may lack full use of their visual senses, they possibly have quite functional tactile and auditory faculties. SAVi acts as a translator, converting information designed to be collected by the eyes into a format easily acquired by the ears, replacing more dependent or cumbersome alternatives in an equitable and affordable manner.

Currently, blind shoppers require assistance of some form or another in order to successfully buy the products they need and return them to their home. Solutions range from small Braille tags applied to products they regularly shop for, to being led around by a shopping assistant or store manager. Any of these methods require special arrangements to be made in advance and reinforce a feeling of dependence when conducting what is really a basic necessity for living. Even after they have selected the products they want to purchase, individuals encounter further problems. First, at the register, they are unable to actively participate in the process of ringing up their groceries and totaling the price. They either need to be read the name, price, and subtotal of each item, or simply rely on the clerk and a technology that is inaccessible to them to produce the right results. Second, once they return home, they are again confronted with the question of what each item is and where it belongs. To illustrate, imagine being presented with a dozen unlabeled cans, along with the challenge of identifying each item. 

SAVi promises to leverage what is expected to be standard industry practices labeling products with RFID tags, together with existing product databases in order to address these issues. The result will be to provide visually impaired users the freedom to choose when and where to shop, and give them the independence to carry out the act on their own, and in their own time. In particular, they will be enabled:

· Unassisted selection of items off of store shelves

· Choices for personal brand and price preferences

· More control and an active role at the checkout register

· A method for putting away items without assistance after leaving the store

In conducting advance interviews for this project, providing these capabilities would address the biggest concerns and frustrations described by potential users. It is clear that the theme underlying such comments is a desire to gain a sense of self-reliance in what is a relatively common task. One interviewee with whom we spoke, Brad Lingrand, a blind individual who expressed strong interest in seeing such a product coming to market,  remarked that "the sense of accomplishment in [shopping] myself is a great feeling." This feeling is our primary goal in developing SAVi .

A typical use scenario for an individual shopping with SAVi closely mirrors a normal trip to the store for the sight-enabled. It assumes that a standardized RFID product database, similar to the publicly available UPC database utilized by existing Point-Of-Sale technologies, has been transferred to the small computing device that is part of the SAVi system. The shopper is fitted with the system, which consists of a wireless glove, a small pocket size computing device (about the size of a deck of cards), and a headphone earpiece. Upon arriving to a store that makes use of RFID tag technology, the shopper enables their glove. At the product aisles, a product is picked up and the palm of the glove is passed over its surface. Almost immediately, the earpiece commences an audio description of the item, including its brand and name, its price, and any sale information. Location information is also available, and the user can make their way about the store shopping as they please. When they are finished and are standing at the cash register, their selection is verified as each item is rung up: when the clerk each the item, the name, price, and even the subtotal is communicated through their earpiece. When the shopper returns home, they can use the same technique that they utilized in the store to identify the objects and put them away in their proper places.

Related Work

Lingo Pal One of the major themes in our project is the mapping of RFID tag data to objects via small mobile devices.  A similar project in this domain is Lingo Pal, a language tutoring system for young children.  It was developed by our colleagues David Sunderland and Daniel Binuya in conjunction with Jean Lee of the school of Industrial Design (UW).  Lingo Pal consists of a Linux Ipaq, a handheld RFID reader, and RFID tags that map to objects, like chairs and tables, in the child’s environment.  The child can use LingoPal to read the tags that are attached to these objects and have the spelling and pronunciation of the objects’ names appear.  Our project differs from this one since we use a Personal Server and have a wireless RFID glove, which is a more suitable form factor for our problem.  The way we look up the information is also different.  They currently have a set of files that have the same name as the tag string.  Inside this file, they store the names of the associated multimedia files.  We, on the other hand, employ a SQL database to store the data and do the lookups.

Roma Reader The Roma Reader project is an initiative by the Open Society Institute to use RFID technology for teaching children languages.  The project is led by Barbara Mack (Harvard Kennedy School of Government), Benjamin Vigoda (MIT Media Lab), and Michelle Hlubinka (Harvard Graduate School of Education).  Their goal is to help Roma (Gypsy) children learn the national (Czech) language via flash cards embedded with RFID tags.  The cards are waved over a pillow that contains a reader, which then plays local folk tunes in both the Czech and Roma languages.  This project is closely related to LingoPal and is similar to ours for the same reasons.
MSR Aura Aura (Advanced User Resource Annotation) is a project that came out of Microsoft Research.  AURA is a wireless system for digitally identifying and annotating physical objects, and for sharing these annotations.  Currently they have implemented this using and Ipaq attached to a barcode scanner and a WiFi network and are working on extending this with RFID technology.  The user scans a product and the system will look through the internet for related pages.  It is similar to our project in that it reads a unique identifier and returns relevant information.  However, it differs since it has a WiFi connection to the Internet, which it culls for dynamic information.  Right now our system holds a static database of all the relevant products on the personal server.  In the future we plan on downloading the store’s database when the user walks into the store, perhaps via the store’s WiFi network.

Intel Research iGlove Intel Research Seattle has developed a RFID reader in a glove form factor.  We borrowed heavily from their design when making our glove, and thus give ours the same name.  Dubbed iGlove, it has been used for several ubiquitous computing projects at their lab under the umbrella project SHARP (a System for Human Activity Recognition and Prediction).  One project of particular interest was Activities of Daily Living ("ADL") Inferencing by Mike Perkowitz, Matthai Philipose, Donald J. Patterson, Kenneth Fishkin.  The group used the iGlove and tagged objects to infer activities being performed by the user.  The glove scanner they used to log this information is very similar to ours, however, there is no immediate feedback to the user in their system. In our design, the system gives feedback to the user, while in theirs the user gives feedback to the system.
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(above) The iGlove by Intel Research,

Architecture & Implementation

The system can be effectively broken down into three main pieces: there is an input component that reads in the unique identifier for a given product; there is a main service that receives this information, processes the information and generates a new result set of related information; there is in output component that represents the new result set of information in a way that is understood by the user.

Each of the preceding parts of the system is composed of multiple pieces, some of them hardware, some of them software. The blue horizontal line visible near the center of our architecture diagram, appendix A, makes this distinction between these two layers: above the line, pieces are mainly composed of hardware, and below, they are mainly software applications.
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(above) the Intel Personal Server

Personal Server The Intel Personal Server, developed by Intel Research, is the core of our system, and has a foot in each of the three components. It utilizes an ARM processor running at 400Mhz, and has hard storage space in the form of Compact Flash memory. It provides expansion slots for attaching additional boards (we use one for serial debugging, and one for output), as well as two Compact Flash slots. It runs a Familiar version of the Linux OS, and has available to it most common system services, including ssh, apache, samba, etc.

In the following sections, we will go into detail about each of the system components, describe the design of each of the pieces it is composed of, and describe why and how we decided to implement it that way.

Component: Input
Once our user waves his or her hand over an RFID tag, the information goes through several channels before it reaches our Java-based service.  First the information is passed from the RFID reader to the transmitter mote, both of which are on the iGlove.  The tag is then transmitted over radio frequency from a mica2dot mote to the Compact Flash mote on the Personal Server.  The pair of motes provides us with a wireless connection between the glove and the personal server.  Once the scan information has been passed to the Compact Flash mote, it is shuttled onto a serial port of the Personal Server.  Now that the information is available from a standard device on the Personal Server, we can access it with traditional Linux software applications. 

RFID Tags The tags we have available come in two different flavors: a composite-material button, and a sticker. Each has advantages and disadvantages over the other.
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(above) A tagged bag of chips.  The RFID tag is the black dot in the top right hand corner.
The composite material tag, shown above, is inconspicuous, fairly durable, and can be read at farther distances than the sticker type tags. Downsides are that it is rigid, has a higher profile, and needs to be glued to objects in some way.

[image: image7.wmf]m

o

t

e

  Radio

J

D

B

C

ODBS

SQL

Audio

dB

MP

3

Personal

Server

RFID

Linux

[image: image6.jpg]



(above) A tagged 2-liter soft drink.  The RFID tag is the blue-green square sticker on the lower right side.

The sticker tag is fast and can be affixed to a product in any place a barcode would normally fit. It is self-adhesive and fairly cheap.

RFID Reader We decided to use the Skytek handheld RFID scanners provided for use by Intel Research Seattle, because our colleagues have had success with them in the past.  A special mini-reader was used for our glove.  It is exactly the same size as our dot mote and has pins that are designed to plug into the motes directly.   This form factor was favorable to us since it is significantly smaller than the popular Skytek M1 reader which is 4 by 4 cm, a size too cumbersome for a glove.   This reader also contains the glue logic for connecting to the mica2dot mote’s serial port, as well as a voltage regulator circuit for supplying both the reader and the mote with power.  The glue logic is needed since the mica2dot mote runs on 3V and the reader runs on 3-5V.  

The miniature reader employs an external Mylar antenna like the one used in the Intel Research iGlove.  A Mylar antenna was chosen because of its thin form factor and its ability to withstand repeated bendings, as is the case in a glove.  

Motes We used Berkley mote devices to communicate between components wirelessly.  The motes were originally designed as minimal hardware devices to prototype wireless ad-hoc networks, however, we do not use their multi-hop capabilities. Each mote contains an Atmega128 8-bit processor with 4k of RAM and 128k of program memory.  For I/O, the motes have a UART and LEDs (1 LED on the mica2dot), as well as a RF transceiver (Chipcon 1000). This new transmitter, supports two bands (400 & 900 Mhz), boasts software programmable frequency hopping within bands, has built-in Manchester encoding as well as digitally programmable output power, and is FM modulated.  The motes themselves abstract all of this from us by running TinyOS, a simple embedded OS from Berkeley.
The mica2dot mote tells the Skytek reader to scan for a device by sending a command string via a serial connection. The reader responds by giving back either a packet containing the tag information if one is read, or else a no-tag-found message.  The mote has to periodically tell the reader to scan.  We set this scan rate to 20 Hz.  We found that taking too many scans per second would drain the battery quickly and decreases reliability.  Conversely, taking scans infrequently causes the scanner to miss reads when we wave it over a tag quickly.  We incorporated TinyOS code that Intel Research used for making their iGlove.

Once the data from a successful read has been passed to the dot mote in the iGlove, it is transmitted over RF to the base mote on the Personal Server.  We found that packets can get lost or corrupted quite often, so we decided to send each read-packet multiple times.  Sending it twice yielded the best results.  It had about the same success rate as sending it three times, and was significantly more reliable than sending a message only once.

Compact Flash Mote At the Personal Server, we have a Compact Flash Mote to listen to the messages.  This mote is basically a mica2 mote in a specialized case.  In fact we tested our code on a mica2, and loaded the same binaries into CF Mote once the code was ready.  We chose to use the CF Mote because the mica2 docking site was being used by the Slappy Board.  This move to the CF Mote changed our design, since we no longer had room for a WiFi card, and thus could not rely on a network connection.  The other slot on the Personal Server was being occupied by the compact flash card that held our system software.
Once the CF Mote receives a packet from the mica2dot mote, it routes the packet to the serial port (/dev/tts/3) on the Personal Server.  The program used is the generic TOSBase.  This can be found in the TinyOS distribution.

Component: Processing
The processing component is an overarching management service that needs to coordinate each function of the system. It had a few key requirements that directed our decision on the language used to implement it. The first was that we wanted the system to be reasonably fast and impart a responsive feel to the user. This required that the processing be streamlined, and able to start producing output in a near real-time manner. Second, we wanted the code to be able to run on most hardware platforms with minimal changes. The plan was to develop and debug the service on a PC where we would have a fuller suite of tools available, then transport it over to a portable device utilizing an ARM processor running Linux OS, and avoid the hassle of recompiling for both platforms after every change. Thirdly, we wanted the code to be clean, and easy to maintain. It was clear from the beginning that we would be continually adding features, and even additional modules. Thus, we wanted object-oriented language to give each piece a logical layout, and encapsulation of related code. These requirements, along with the availability of a robust Java runtime environment for the ARM platform, made Java a natural choice.

Port 4444 The first challenge we faced was to get the information we needed from the input component. Any hardware specific solutions would break our requirement that the system be platform independent. For example, moving in the direction of talking directly to a serial port under Linux, which is what the hardware and drivers for the compact flash mote provided us, would make development on a PC difficult, where a mote and serial port would not be available. We decided that making the information available on a network port made the most sense. This way, we could connect to the port from either platform regardless of where the service was running.

ASF This decision to use a network port was also directed somewhat by the availability of software to do what we needed. We found a “serial forwarding” daemon that would perform two simple tasks: 1) listen for client connections on a given network port, and 2) forward all data on a specified serial port to the connected clients. Communicating with this service required a simple connection protocol that was easily implemented. This serial forwarder application, along with the information it gathered from the glove RFID reader, in effect gave us a RFID reader that was available from anywhere on the network, allowing us to develop the service on any machine.

SQLite The next main decision we needed to make was how to store and access product information. Ultimately, this came down to examining what we had available, what would be fast, and what would be easily replaceable, were we to eventually gather product data from another (perhaps pre-existing source). There were several database products available to choose from, but owing to its own design goals, the package that made the most sense was SQLite. This is a very simple yet robust, low-overhead, SQL database implementation. It has the added advantages that it is available in a pre-compiled format for both of our operating platforms, has the possibility of a JDBC connector for easy communication with our other Java components, and  has a small footprint, both on disk and in memory. The only negative aspect of using SQLite is that it has no service to make SQL connections available over the network; that is, connections to the datasource have to be made through the local file system. This forced a larger design decision: would we store the database on the Personal Server itself, or have it available over the network in a centralized location? In a confluence of several factors, one of them the WiFi limitation mentioned earlier, we decided to store the database on the Personal Server itself, but design it in such a way that it could be moved to a network location sometime in the future.

MadPlay The database design itself was fairly straightforward, and was dependent upon what information we intended to associate with each RFID that was incoming from the glove scanner. In principle, we wanted to tie each product to an audio description of that product. Here we faced several shortcomings. First, the Personal Server platform we were developing for does not support native floating-point operations, so many full audio packages were out of the question. Second, for most of our project development cycle, the audio board for the Personal Server was vaporware. That is, the hardware did not exist, we did not have any drivers, and we were unclear of how we would be interfacing with it when it did turn up. Lastly, most text-to-speech engines were too processor intensive for us to produce audio on-the-fly. We decided, therefore, to take audio clips for each piece of useful information in the database, which we could then query for and stitch together to form an informative description. Luckily, there is a pre-compiled, floating-point free audio player for the ARM platform available called MadPlay. Our processing, then, fell into three pieces: querying the database for the necessary product information, arranging a playlist of the audio clips to communicate this information in a useful manner, and passing this playlist to the audio player to begin output.

Database The database was structured with one main entry in a table for each product, supported by seven other tables used to relate products to common characteristics.  The tables, with examples, are:

· product – Contains the main product entries:
Oreos, Raisin Bran
· brand – Various brands:
Nabisco, Kraft

· measure – Units of measurements:
oz, lb, lt

·  location – Store aisles
Baking Goods, Dairy
· section – Specific section within an aisle:
Organic Produce, Hot Cereal
· sale – Any sale information about the aisle:
Two For One, Discounted Price
· alphanum – Common letters, symbols,  numbers:
’E’, ‘$’, ‘9’
· numeric – More involved number based strings:
’1000’, ‘15’
Again, each entry in each table has an associated audio clip, so that when the information it contains needs to be audibly communicated, this clip can be used. 
Connecting to the SQLite database from our Java application meant using a JDBC connector. The connector was fairly lightweight, and simply wrapped around the SQLite libraries that were already installed on the system. The consequence of using this method is that the JDBC connector worked through JNI (Java Native Interface), and thus each release was platform specific. Since there were SQLite JDBC connectors available for any platform we might need to use, we deemed this decrease in portability to be a good trade-off for the simplicity in design it afforded us.

ODBS For historical reasons, and because it frequently interacts with the database, we dubbed our main service “ODBS”, for Oogle Database Service. Once ODBS connects to the database, it preloads various audio clips that we suspect will be frequently used. Words such as dollars and cents we expect to be needed frequently, so there is no use querying the alphanum table each time they are needed. ODBS then spawns a client thread to go out and connect over a network socket to the serial forwarder that is repeating any incoming data from the glove. The client thread uses a callback service to notify the main ODBS thread that some action was performed, say, a RFID was scanned, and then it exits. ODBS queries the database for the main product entry, then generates an appropriate playlist for the product based on the results of three methods:

· getBrand() – Prepares the brand clip

· getName() – Prepares the name clip

· getPrice() – Prepares the price clips, including handling any sale information, quantity discounts, etc.

Once this has been completed, a new thread is spawned to make an external call to the audio player. The list of audio clips is passed along as arguments, and the main thread waits until playback has been completed. It then spawns a new client thread to listen for glove activity, and the process has finished a complete cycle.

Component: Output

The output component is basically the hardware we use to output audio data, the associated drivers that connect the hardware to the operating system, and the program we use to communicate the data to the drivers. We have already talked a bit about the audio player we use, MadPlay, so we will mainly concentrate on the audio board and its drivers that we use to produce sound on the Personal Server.

Slappy board The audio board, called “Slappy” by its designers at Intel Research, piggybacks onto the Personal Server, connecting through one of its two expansion board connectors. It provides several features, including stereo output, stereo line input, and a FM broadcast of the stereo output on a selectable frequency. There is not a lot to say about the board itself, as we got it packaged along with the binary drivers from Intel Research as a black box. The board driver itself is modular with several dependent sound modules (soundcore, ac97_codec) that provide a standard Linux audio interface to be accessed by applications as /dev/dsp. Once installed, MadPlay produced audio playback through the board and drivers without a hitch.

Once ODBS generates a presentation clip, which comprises all the clips needed to communicate the product information, it makes a runtime execution call similar to the following:

madplay brand-04.mp3 product-02.mp3 … 

We provide several command line switches and additional pathing information to make sure the program loads smoothly and exits quickly.

Additional Pieces

Initially we had anticipated using WAV audio files to store our generated audio clips. These clips were produced through sound recording software with a microphone. This resulted in rather poor quality and unstable results, as it was hard to keep a steady voice throughout a recording session. We found a research project at ATT called Natural Voices which allowed us to use a well-designed text-to-speech engine to generate the static clips we needed. We then used the LAME encoder and the RazorLame front-end to convert these clips into MP3 format to conserve storage space on the Personal Server.

We added one additional piece to the system that doesn’t fit particular well in any of the preceding categories. We singled out one particular RFID tag, and used it as an additional input method. The ODBS contains state for a mode that a user can select. There are three modes: All, Name, Price. The All mode specifies that audio output should be generated for all possible information for a product. The other modes work as their names imply: Name outputs only the name and brand of a product, and Price outputs only the price and sale information. The default is logically All, but we realized that comprehensive product information is sometimes longwinded, and often unwanted. Say, if a shopper were merely looking for the lowest priced cooking oil, but did not care about the brand, or alternately, was just looking for a particular brand.

Evaluation

In evaluating how useful and successful our system will be, we need to gauge how well it enables visually impaired individuals to perform the functions spelled out in the introduction. Those actions require a certain level of usability that must first be maintained, and we feel can be captured with several key metrics. Once a level of usability we deem as acceptable has been reached, a field study would be in order wherein we would actually outfit an impaired person with the system to determine its efficacy. 

The five  key metrics we have identified are:

· Distance glove needs to be from tag

· Length of time glove needs for reading a tag

· Delay between successful scan and start of audio
(i.e. processing time)
· Length and relevance of audio clip

· Volume of the audio clip

I will discuss each metric in detail, and the results we have found from testing. One should note that the first two deal with input, the third with processing, and the last two with output.

The distance the glove needs to be from a tag in order to read it varies with several factors. One is orientation of the antenna in the glove to the tag, and vice versa. In general, the closer the plane of the tag and the plane of the antenna get to perpendicular, the closer the two need to be. According to principles of physics, substantiated with our experimentation, the reader will not recognize the tag when the two are completely perpendicular in orientation. Another factor that has a big impact on the scanning distance is the charge on the batteries powering the glove. As the batteries discharge, the distance decreases substantially. The type of tag being scanned can also matter, as can the type of material the tags is affixed to; some types of tags are more sensitive than others, and some objects can interfere with reading (such as all metal cans, etc). Having said all of that, the normal use case is a distance of about 2”- 3”.

A second criterion is the length of time the glove scanner needs to be near a tag in order for it to be read. This is important because we do not want to require that a user handle an object unnaturally slow, so as to make the process of feeling for a tag overly cumbersome. The amount of time can be tuned pretty well, with a few ramifications to the rest of the system, by changing how frequently the glove scanner checks for and registers tags in its vicinity. We currently have this set to 20 times a second, which equates toa movement speed of about 2’ per second. The effect this has, in addition to increasing our chances of a hit on a tag, is decreasing battery life for the glove, as it is expending more energy every time it looks for tags. It will take some experimentation and a usability study to assess what the best balance for this metric is.

The next metric we initially thought would be the critical one. That is the delay after a tag is scanned until audio starts playing. In fact, our processing system is fast enough that even with a number of hits against the database for an individual scan, the delay is minimal. Audio will start playing when a tag is read in under a second, depending in small part on what mode is selected, i.e. All, or just Name. In fact, the largest part of this delay seems to be from the audio player starting up once it has been executed. In addition, the mono audio clips we have produced must be converted on-the-fly by the player to stereo, which adds some small time to the delay.

The first metric having to do with output is the length and relevance of the presentation clip. When all information is presented in full, the clip can get rather lengthy, as long as 5 seconds depending on the length of the text description. We added the mode control in large part to address this problem, and it seems to match one’s intuition on how you’d like to be able to control the device. One additional reason that the clips can get long is that they are put together piecemeal from several smaller clips. Some delay is therefore inherent to this manner of construction, when compared with natural speech.

The last metric we did not initially anticipate being a metric or a problem, but might turn out to be both. The Slappy audio board seems to have a line-level stereo output, and therefore is somewhat quiet when heard over unpowered headphones. In our development and testing, we usually used speakers with an integrated amplifier, so we did not notice. Eventually, we may need to find an earpiece which does boost the volume; alternately, there may be a software solution, in that MadPlay allows the output level to be boosted when playing. It remains to be seen what level of control this would afford, and whether it would affect audio quality.

Future Work

There are many features one can add to the SAVi platform.  In the Winter 2002 Hardware Capstone course here at the University of Washington, Seila Kheang, Adam Rea and James Wells worked on a ubiquitous shopping list service for the Personal Server.  We have considered looking into the possibility of integrating the two systems.

An additional piece that might be useful is a wireless earpiece.  The Personal Server we used had an unused BlueTooth connection, however, this port was not compatible with any of the current BlueTooth headphones without a significant amount of hacking.  In the future we hope to incorporate a wireless earpiece to make our service more discrete, sleek and unobtrusive.  One workaround we have considered is transmitting the audio on an FM radio channel, and capturing the signal with a small head-mounted FM receiver/headphone.  The Slappy Board we are already using allows FM transmission without a significant amount of overhead.

As of now, we do not have any WiFi capabilities in our system.  We could easily add a WiFi card and modify our service to query a central server at the store for the products on the shelf over this connection.  This way we would not need to store the shop’s whole product database on our Personal Server.  We could also make use of the shopping list, so the device may cache the appropriate database entries as the user walks into the store and into its WiFi network. After the purchased products are in the Personal Server’s database, when the user goes home, he or she can still scan the products they bought and get audio feedback from the system. Having a WiFi connection also potentially allows our system to stream the audio from the server.

Automated generation of the audio clips would also be a plus.  Most stores already have a database setup that maps UPC (barcodes) numbers to product identifier strings that include the name, brand and size of the product as well as its price.  Once one has access to this database, they could employ a suitable Text-to-Speech engine (such as AT&T’s Natural Voices) to generate the appropriate sound clips for SAVi users.  

Location services could be a useful in assisting the visually impaired through the store.  For example, if the shopping list of a user is known, the service could direct them through the shortest path to get all of the desired items.  This would require fine grain location awareness to work (1-2m).  This may be achieved by deploying motes with very short range radios (1-2m) that transmit beacons that correspond to locations.  These motes may also transmit information such as the category of products in each section of the aisle in its vicinity.

Another thing we could change to benefit our system is the audio interface between the SAVi Java code and the MadPlay audio player.  Currently MadPlay introduces some latency each time we output audio. Every time MadPlay is called there is a startup delay as it loads its library files into memory.  Thus it takes around a second before the desired audio clip starts playing.  In addition, we currently are using an earpiece with an inline volume knob, to counteract our lack of volume control. Since MadPlay is an open-source audio player, we could modify the code so that it is non-blocking, and has a simple interface for volume control.

Better RFID readers are another improvement we could make.  Reading tags from a farther distance allows the user to determine an object’s identity with more ease.  We could increase the range by finding even better antennas or by employing more powerful readers.  The latter may not be a favorable, however, since power consumption of the reader may increase to an unacceptable level, as would the possibility of scanning unwanted items by passing close to them.
One last possibility to mention is the addition of different output modes. Here, there is not limit to the possibilities of what a user may like to hear.
Conclusion

Although an actual usability test remains to be conducted, we feel our project has successfully demonstrated a proof of concept. The result of our tying together of these modest components into an integrated device is a product that could potentially help users overcome real obstacles. It provides the visually impaired with a discrete system that delivers relevant information about an item they want to know about, and would be hard pressed to obtain in a more convenient way.

Evaluating each metric that we expect should gauge its eventual functionality, we do not foresee any major shortcomings, or challenges that could not overcome with additional research and investment into the project.  The distance a user needs to hold the reader from the product tag and the speed at which they can move their hand when feeling around an object both seem to be reasonable. The delay before audio feedback commences is minimal. While the length of the information playback and the volume at which it is heard both have room for improvement, we have plans in place to address each. On the contrary to being discouraged by our results, we have nothing but additional ideas and bigger plans as a result.

We are glad to be given the opportunity take technologies like RFID and embedded wireless devices and put them to use helping others accomplish something that might otherwise be prohibitive, and doing it in such a way that leaves them feeling better about themselves.  It may be some time before RFID tagging is widely used, but our product could still be useful on a small scale, or as a Braille alternative. If and when every item in a store does carry a RF tag, the idea will be waiting, and can then move that much closer to the hands of people like Brad Lingrand. Bringing this product from the realm of the pencil and sketchbook into working reality was a pleasure.
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Appendix B – database SQL code

CREATE TABLE product (rfid VARCHAR(32) UNIQUE PRIMARY KEY, upc NUMERIC(12), brand_id INTEGER, name TEXT, price NUMERIC(5,2), price_unit_id INTEGER, price_quantity INTEGER, sale_type INTEGER, sale_quantity INTEGER, sale_price NUMERIC(5,2), quantity NUMERIC(5,2), quantity_unit_id INTEGER, location_id INTEGER, section_id INTEGER, clip TEXT);

CREATE TABLE location (id INTEGER UNIQUE PRIMARY KEY, name TEXT, aisle VARCHAR(4), clip TEXT);

CREATE TABLE section (id INTEGER UNIQUE PRIMARY KEY, name TEXT, location_id INTEGER, clip TEXT);

CREATE TABLE measure (id INTEGER UNIQUE PRIMARY KEY, name TEXT, clip TEXT);

CREATE TABLE alphanum (id INTEGER UNIQUE PRIMARY KEY, char VARCHAR(1), clip TEXT);

CREATE TABLE numeric (id INTEGER UNIQUE PRIMARY KEY, num VARCHAR(4), clip TEXT);

CREATE TABLE brand (id INTEGER UNIQUE PRIMARY KEY, name TEXT, clip TEXT);

CREATE TABLE sale ( id INTEGER UNIQUE PRIMARY KEY, name TEXT, clip TEXT);

INSERT INTO brand VALUES(0, 'Mercer Ranch', 'brand-00');

INSERT INTO brand VALUES(1, 'Western Express', 'brand-01');

INSERT INTO brand VALUES(2, 'Sun World', 'brand-02');

INSERT INTO brand VALUES(3, 'Pace', 'brand-03');

INSERT INTO brand VALUES(4, 'Kikkoman', 'brand-04');

INSERT INTO brand VALUES(5, 'Campbells', 'brand-05');

INSERT INTO brand VALUES(6, 'Pasta Roni', 'brand-06');

INSERT INTO brand VALUES(7, 'Wesson', 'brand-07');

INSERT INTO brand VALUES(8, 'Crisco', 'brand-08');

INSERT INTO brand VALUES(9, 'Nabisco', 'brand-09');

INSERT INTO brand VALUES(10, 'Ecco Domani', 'brand-10');

INSERT INTO brand VALUES(11, 'Huggies', 'brand-11');

INSERT INTO brand VALUES(12, 'Pantene', 'brand-12');

INSERT INTO brand VALUES(13, 'Tylenol', 'brand-13');

INSERT INTO brand VALUES(14, 'Lysol', 'brand-14');

INSERT INTO brand VALUES(15, 'Northern', 'brand-15');

INSERT INTO brand VALUES(16, 'Sara Lee', 'brand-16');

INSERT INTO brand VALUES(17, 'Sam Adams', 'brand-17');

INSERT INTO brand VALUES(18, 'Bisquick', 'brand-18');

INSERT INTO brand VALUES(19, 'Post', 'brand-19');

INSERT INTO brand VALUES(20, 'Dianes', 'brand-20'); 

INSERT INTO brand VALUES(21, 'Twizzlers', 'brand-21');

INSERT INTO sale VALUES(0, 'Two For One', 'sale-00');

INSERT INTO sale VALUES(1, 'Discounted Price', 'sale-01');

INSERT INTO sale VALUES(2, 'Buy One, Get One Free', 'sale-02');

INSERT INTO sale VALUES(3, 'Quantity Discount', 'sale-03');

INSERT INTO location VALUES(0, 'Garden Produce', NULL, 'loc-00');

INSERT INTO location VALUES(1, 'Fruits & Vegetables', NULL, 'loc-01');

INSERT INTO location VALUES(2, 'Meat & Poultry', NULL, 'loc-02');

INSERT INTO location VALUES(3, 'Seafood', NULL, 'loc-03');

INSERT INTO location VALUES(4, 'Lunch & Dinner', '1', 'loc-04');

INSERT INTO location VALUES(5, 'Breakfast', '2', 'loc-05');

INSERT INTO location VALUES(6, 'Bake Time', '3', 'loc-06');

INSERT INTO location VALUES(7, 'Snack Time', '3', 'loc-07');

INSERT INTO location VALUES(8, 'Wine', '4', 'loc-08');

INSERT INTO location VALUES(9, 'Snack Time', '4', 'loc-09');

INSERT INTO location VALUES(10, 'Breakfast', '5', 'loc-10');

INSERT INTO location VALUES(11, 'Baby Care', '5', 'loc-11');

INSERT INTO location VALUES(12, 'Personal Care', '6', 'loc-12');

INSERT INTO location VALUES(13, 'Pet Care', '7', 'loc-13');

INSERT INTO location VALUES(14, 'Dairy', NULL, 'loc-14');

INSERT INTO location VALUES(15, 'Party, Print & Paper', '7', 'loc-15');

INSERT INTO location VALUES(16, 'Party, Print & Paper', '8', 'loc-16');

INSERT INTO location VALUES(17, 'Home Care', '8', 'loc-17');

INSERT INTO location VALUES(18, 'Frozen Choices', '9', 'loc-18');

INSERT INTO location VALUES(19, 'Frozen Choices', '10', 'loc-19');

INSERT INTO location VALUES(20, 'Bakery', NULL, 'loc-20');

INSERT INTO location VALUES(21, 'Bread & Rolls', NULL, 'loc-21');

INSERT INTO location VALUES(22, 'Wine & Beer', '11', 'loc-22');

INSERT INTO location VALUES(23, 'Dairy Choices', '11', 'loc-23');

INSERT INTO location VALUES(24, 'Luncheon Meats', NULL, 'loc-24');

INSERT INTO location VALUES(25, 'Deli', NULL, 'loc-25');

INSERT INTO location VALUES(26, 'Customer Service', NULL, 'loc-26');

INSERT INTO location VALUES(27, 'Florist', NULL, 'loc-27');

INSERT INTO location VALUES(28, 'Pharmacy', NULL, 'loc-28');

INSERT INTO section VALUES(0, 'Mexican Foods', 4, 'sec-00');

INSERT INTO section VALUES(1, 'Asian Foods', 4, 'sec-01');

INSERT INTO section VALUES(2, 'Pasta', 4, 'sec-02');

INSERT INTO section VALUES(3, 'Soups', 4, 'sec-03');

INSERT INTO section VALUES(4, 'Juices', 5, 'sec-04');

INSERT INTO section VALUES(5, 'Canned Vegetables', 4, 'sec-05');

INSERT INTO section VALUES(6, 'Canned Fruit', 4, 'sec-06');

INSERT INTO section VALUES(7, 'Packaged Dinners', 4, 'sec-07');

INSERT INTO section VALUES(8, 'Salad Dressing', 4, 'sec-08');

INSERT INTO section VALUES(9, 'Stuffing & Gravy', 4, 'sec-09');

INSERT INTO section VALUES(10, 'Pickles & Olives', 4, 'sec-10');

INSERT INTO section VALUES(11, 'Cake Mixes', 6, 'sec-11');

INSERT INTO section VALUES(12, 'Dry & Canned Milk', 6, 'sec-12');

INSERT INTO section VALUES(13, 'Cooking Oil', 6, 'sec-13');

INSERT INTO section VALUES(14, 'Spices', 6, 'sec-14');

INSERT INTO section VALUES(15, 'Food Storage', 6, 'sec-15');

INSERT INTO section VALUES(16, 'Crackers', 7, 'sec-16');

INSERT INTO section VALUES(17, 'Rice Cakes', 7, 'sec-17');

INSERT INTO section VALUES(18, 'Cookies', 7, 'sec-18');

INSERT INTO section VALUES(19, 'Wine', 8, 'sec-19');

INSERT INTO section VALUES(20, 'Premium Wines', 8, 'sec-20');

INSERT INTO section VALUES(21, 'Champagne', 8, 'sec-21');

INSERT INTO section VALUES(22, 'Imported Wines', 8, 'sec-22');

INSERT INTO section VALUES(23, 'Soft Drinks', 9, 'sec-23');

INSERT INTO section VALUES(24, 'Flavored Beverages', 9, 'sec-24');

INSERT INTO section VALUES(25, 'Sport Drinks', 9, 'sec-25');

INSERT INTO section VALUES(26, 'Water', 9, 'sec-26');

INSERT INTO section VALUES(27, 'Popcorn & Nuts', 9, 'sec-27');

INSERT INTO section VALUES(28, 'Chips', 9, 'sec-28');

INSERT INTO section VALUES(29, 'Pancakes & Syrup', 10, 'sec-29');

INSERT INTO section VALUES(30, 'Cereal', 10, 'sec-30');

INSERT INTO section VALUES(31, 'Hot Cereal', 10, 'sec-31');

INSERT INTO section VALUES(32, 'Formula & Accessories', 11, 'sec-32');

INSERT INTO section VALUES(33, 'Baby Food', 11, 'sec-34');

INSERT INTO section VALUES(34, 'Diapers', 11, 'sec-34');

INSERT INTO section VALUES(35, 'Coffee', 10, 'sec-35');

INSERT INTO section VALUES(36, 'Tea', 10, 'sec-36');

INSERT INTO section VALUES(37, 'Powdered Drinks', 10, 'sec-37');

INSERT INTO section VALUES(38, 'Feminine Care & Incontinents', 12, 'sec-38');

INSERT INTO section VALUES(39, 'Hosiery & Cosmetics', 12, 'sec-39');

INSERT INTO section VALUES(40, 'Shampoo & Haircare', 12, 'sec-40');

INSERT INTO section VALUES(41, 'Digestive', 12, 'sec-41');

INSERT INTO section VALUES(42, 'Pain Relief', 12, 'sec-42');

INSERT INTO section VALUES(43, 'Cough & Cold', 12, 'sec-43');

INSERT INTO section VALUES(44, 'Dog Food', 13, 'sec-44');

INSERT INTO section VALUES(45, 'Cat Food', 13, 'sec-45');

INSERT INTO section VALUES(46, 'Pet Supplies', 13, 'sec-46');

INSERT INTO section VALUES(47, 'Automotive', 13, 'sec-47');

INSERT INTO section VALUES(48, 'Light Bulbs', 13, 'sec-48');

INSERT INTO section VALUES(49, 'Stationery', 13, 'sec-49');

INSERT INTO section VALUES(50, 'Greeting Cards', 15, 'sec-50');

INSERT INTO section VALUES(51, 'Gift Wrap', 15, 'sec-51');

INSERT INTO section VALUES(52, 'Party Supplies', 15, 'sec-52');

INSERT INTO section VALUES(53, 'Magazines & Books', 16, 'sec-53');

INSERT INTO section VALUES(54, 'Cleanin Supplies', 17, 'sec-54');

INSERT INTO section VALUES(55, 'Air Fresheners', 17, 'sec-55');

INSERT INTO section VALUES(56, 'Wax & Polish', 17, 'sec-56');

INSERT INTO section VALUES(57, 'Dish Soap', 17, 'sec-57');

INSERT INTO section VALUES(58, 'Laundry', 17, 'sec-58');

INSERT INTO section VALUES(59, 'Charcoal & Logs', 17, 'sec-59');

INSERT INTO section VALUES(60, 'Brooms & Mops', 17, 'sec-60');

INSERT INTO section VALUES(61, 'Bathroom Tisue', 17, 'sec-61');

INSERT INTO section VALUES(62, 'Paper Towels', 17, 'sec-62');

INSERT INTO section VALUES(63, 'Dinners', 18, 'sec-63');

INSERT INTO section VALUES(64, 'Pizza', 18, 'sec-64');

INSERT INTO section VALUES(65, 'Meat', 18, 'sec-65');

INSERT INTO section VALUES(66, 'Vegetables', 18, 'sec-66');

INSERT INTO section VALUES(67, 'Breakfast', 18, 'sec-67');

INSERT INTO section VALUES(68, 'Juices', 18, 'sec-68');

INSERT INTO section VALUES(69, 'Desserts', 19, 'sec-69');

INSERT INTO section VALUES(70, 'Ice Cream', 19, 'sec-70');

INSERT INTO section VALUES(71, 'Novelties', 19, 'sec-71');

INSERT INTO section VALUES(72, 'Eggs', 19, 'sec-72');

INSERT INTO section VALUES(73, 'Butter', 19, 'sec-73');

INSERT INTO section VALUES(74, 'Yogurt', 19, 'sec-74');

INSERT INTO section VALUES(75, 'MicroBrews & Beer', 22, 'sec-75');

INSERT INTO section VALUES(76, 'Cold Beverages', 23, 'sec-76');

INSERT INTO section VALUES(77, 'Cheese', 23, 'sec-77');

INSERT INTO measure VALUES (0, 'lb', 'meas-00-lb');

INSERT INTO measure VALUES (1, 'ct', 'meas-01-ct');

INSERT INTO measure VALUES (2, 'oz', 'meas-02-oz');

INSERT INTO measure VALUES (3, 'floz', 'meas-03-floz');

INSERT INTO measure VALUES (4, 'ea', 'meas-04-ea');

INSERT INTO measure VALUES (5, 'lt', 'meas-05-lt');

INSERT INTO measure VALUES (6, 'ml', 'meas-06-ml');

INSERT INTO measure VALUES (7, 'per', 'meas-07-per');

INSERT INTO measure VALUES (8, 'for', 'meas-08-for');

INSERT INTO measure VALUES (9, 'dollar', 'meas-09-dollar');

INSERT INTO numeric VALUES (0, '10', 'numeric-10');

INSERT INTO numeric VALUES (1, '11', 'numeric-11');

INSERT INTO numeric VALUES (2, '12', 'numeric-12');

INSERT INTO numeric VALUES (3, '13', 'numeric-13');

INSERT INTO numeric VALUES (4, '14', 'numeric-14');

INSERT INTO numeric VALUES (5, '15', 'numeric-15');

INSERT INTO numeric VALUES (6, '16', 'numeric-16');

INSERT INTO numeric VALUES (7, '17', 'numeric-17');

INSERT INTO numeric VALUES (8, '18', 'numeric-18');

INSERT INTO numeric VALUES (9, '19', 'numeric-19');

INSERT INTO numeric VALUES (10, '20', 'numeric-20');

INSERT INTO numeric VALUES (11, '30', 'numeric-30');

INSERT INTO numeric VALUES (13, '40', 'numeric-40');

INSERT INTO numeric VALUES (14, '50', 'numeric-50');

INSERT INTO numeric VALUES (15, '60', 'numeric-60');

INSERT INTO numeric VALUES (16, '70', 'numeric-70');

INSERT INTO numeric VALUES (17, '80', 'numeric-80');

INSERT INTO numeric VALUES (18, '90', 'numeric-90');

INSERT INTO numeric VALUES (19, '100', 'numeric-100');

INSERT INTO numeric VALUES (20, '1000', 'numeric-1000');

INSERT INTO alphanum VALUES (0, '0', 'alphanum-00');

INSERT INTO alphanum VALUES (1, '1', 'alphanum-01');

INSERT INTO alphanum VALUES (2, '2', 'alphanum-02');

INSERT INTO alphanum VALUES (3, '3', 'alphanum-03');

INSERT INTO alphanum VALUES (4, '4', 'alphanum-04');

INSERT INTO alphanum VALUES (5, '5', 'alphanum-05');

INSERT INTO alphanum VALUES (6, '6', 'alphanum-06');

INSERT INTO alphanum VALUES (7, '7', 'alphanum-07');

INSERT INTO alphanum VALUES (8, '8', 'alphanum-08');

INSERT INTO alphanum VALUES (9, '9', 'alphanum-09');

INSERT INTO alphanum VALUES (10, 'A', 'alphanum-10');

INSERT INTO alphanum VALUES (11, 'B', 'alphanum-11');

INSERT INTO alphanum VALUES (12, 'C', 'alphanum-12');

INSERT INTO alphanum VALUES (13, 'D', 'alphanum-13');

INSERT INTO alphanum VALUES (14, 'E', 'alphanum-14');

INSERT INTO alphanum VALUES (15, 'F', 'alphanum-15');

INSERT INTO alphanum VALUES (16, 'G', 'alphanum-16');

INSERT INTO alphanum VALUES (17, 'H', 'alphanum-17');

INSERT INTO alphanum VALUES (18, 'I', 'alphanum-18');

INSERT INTO alphanum VALUES (19, 'J', 'alphanum-19');

INSERT INTO alphanum VALUES (20, 'K', 'alphanum-20');

INSERT INTO alphanum VALUES (21, 'L', 'alphanum-21');

INSERT INTO alphanum VALUES (22, 'M', 'alphanum-22');

INSERT INTO alphanum VALUES (23, 'N', 'alphanum-23');

INSERT INTO alphanum VALUES (24, 'O', 'alphanum-24');

INSERT INTO alphanum VALUES (25, 'P', 'alphanum-25');

INSERT INTO alphanum VALUES (26, 'Q', 'alphanum-26');

INSERT INTO alphanum VALUES (27, 'R', 'alphanum-27');

INSERT INTO alphanum VALUES (28, 'S', 'alphanum-28');

INSERT INTO alphanum VALUES (29, 'T', 'alphanum-29');

INSERT INTO alphanum VALUES (30, 'U', 'alphanum-30');

INSERT INTO alphanum VALUES (31, 'V', 'alphanum-31');

INSERT INTO alphanum VALUES (32, 'W', 'alphanum-32');

INSERT INTO alphanum VALUES (33, 'X', 'alphanum-33');

INSERT INTO alphanum VALUES (34, 'Y', 'alphanum-34');

INSERT INTO alphanum VALUES (35, 'Z', 'alphanum-35');

INSERT INTO alphanum VALUES (36, '$', 'alphanum-36');

INSERT INTO alphanum VALUES (37, '&', 'alphanum-37');

INSERT INTO alphanum VALUES (38, '*', 'alphanum-38');

INSERT INTO alphanum VALUES (39, '.', 'alphanum-39');

INSERT INTO alphanum VALUES (40, '/', 'alphanum-40');

INSERT INTO product VALUES ('E007000017FAB6E7', '016000420809', 18, 'Baking Mix', '4.29', NULL, NULL, NULL, NULL, NULL, '60.0', 2, 6, 13, 'product-21');

INSERT INTO product VALUES ('E007000017FAB6D3', '0430001114605', 19, 'Raisin Bran Cereal', '3.69', NULL, NULL, NULL, NULL, NULL, '20.0', 2, 5, 30, 'product-22');

INSERT INTO product VALUES ('E007000017FAB6D2', '041565142163', 3, 'Chunky Salsa' , '2.49', NULL, NULL, NULL, NULL, NULL, '16.0', 2, 4, 0, 'product-23');

INSERT INTO product VALUES ('E00781BCC195072A', '070343004102', 20, 'Tortilla Rounds', '3.89', NULL, NULL, 1, NULL, '2.50', '32.0', 2, 9, 28, 'product-24');

INSERT INTO product VALUES ('E00781BCC1953E60', '034000563029', 21, 'Strawberry Twists', '1.69', NULL, NULL, 1, NULL, '1.50', '17.6', 2, 9, 18, 'product-25');

INSERT INTO product VALUES ('E007000017FAB6EA', '015300440490', 6, 'Angel Hair Pasta w/Parmesan Cheese', '5.00', 7, 4, 3, 5, '5.00', '5.1', 2, 4, 7, 'product-09');

INSERT INTO product VALUES ('E00781BCC1957A75', '04482008', 9, 'Oreo Cookies', '3.69', NULL, NULL, 2, NULL, NULL, '1.13', 0, 9, 18, 'product-11');

INSERT INTO product VALUES ('E007000017FAB6D4', '078000082463', NULL, 'Dr. Pepper Soda', '1.49', NULL, NULL, 1, NULL, '0.99', '2.0', 5, 9, 23, 'product-13');

INSERT INTO product VALUES ('E007000017FAB6E4', '087692100122', 17, 'Beer - Boston Lager - 6 Bottles', '7.19', NULL, NULL, 1, NULL, '6.39', '12.0', 3, 22, 75, 'product-20');

INSERT INTO product VALUES ('E00781BCC1950541', '033393650200', NULL, 'Head of Lettuce', '1.29', 4, NULL, NULL, NULL, NULL, NULL, NULL, 0, NULL, 'product-00');

INSERT INTO product VALUES ('E00781BCC1950A39', '033383664010', 0, 'Carrots', '1.39', 4, NULL, NULL, NULL, NULL, '2.0', 0, 1, NULL, 'product-01');

INSERT INTO product VALUES ('E007000017FAB6D7', '033383699990', 1, 'Cauliflower', '1.49', 0, NULL, NULL, NULL, NULL, '5.0', 0, 1, NULL, 'product-02');

INSERT INTO product VALUES ('E00781BCC195620D', '033383118560', 2, 'Grapefruit - 5lb Ruby', '3.79', 4, NULL, NULL, NULL, NULL, '5.0', 0, 1, NULL, 'product-03');

INSERT INTO product VALUES ('E00781BCC1957C75', '041565138340', 3, 'Enchilada Sauce - Mild', '2.99', NULL, NULL, NULL, NULL, NULL, '17.25', 2, 4, 0, 'product-04');

INSERT INTO product VALUES ('E00781BCC1956824', '041565000270', 3, 'Picante Sauce - Mild', '3.59', NULL, NULL, NULL, NULL, NULL, '24.0', 2, 4, 0, 'product-05');

INSERT INTO product VALUES ('E00781BCC195387C', '051000012510', 5, 'Chicken Noodle Soup', '0.87', NULL, NULL, NULL, NULL, NULL, '10.75', 2, 4, 3, 'product-08');

INSERT INTO product VALUES ('E007000017FAB6E9', '027000611760', 7, 'Vegetable Oil', '3.79', NULL, NULL, NULL, NULL, NULL, '48.0', 3, 6, 13, 'product-10');

INSERT INTO product VALUES ('E007000017FAB6E8', '027000253620', 8, 'Vegetable Oil', '4.15', NULL, NULL, NULL, NULL, NULL, '48.0', 3, 6, 13, 'product-10');

INSERT INTO product VALUES ('14', '032100047241', 16, 'Cherry Pie - Homestyle', '5.99', NULL, NULL, NULL, NULL, NULL, '37.0', 2, 19, 69, 'product-19'); 

INSERT INTO product VALUES ('15', '080878004508', 12, 'Pro-V Shampoo - Sheer Volume', '4.49', NULL, NULL, NULL, NULL, NULL, '13.5', 3, 12, 40, 'product-15');

INSERT INTO product VALUES ('16', '300450124104', 13, 'Tylenol Geltabs - extra Strength, 500mg', '8.99', NULL, NULL, NULL, NULL, NULL, '100.0', 1, 12, 42, 'product-16');

INSERT INTO product VALUES ('17', '019200008884', 14, 'Kitchen Cleaner Spray - Antibacterial', '3.19', NULL, NULL, NULL, NULL, NULL, '22.0', 3, 17, 54, 'product-17');

INSERT INTO product VALUES ('18', '042000164009', 15, 'Ultra Bath Tissue - Quilted Double Roll', '8.79', NULL, NULL, NULL, NULL, NULL, '12.0', 1, 17, 61, 'product-18');

Appendix C – Java code, PortListener.java

/*

 * Created on May 13, 2004

 *

 */

/**

 * @author ande

 * Andrew Ebaugh, Saurav Chatterjee

 * CSE477, Spring 2004

 */

import java.io.*;

import java.net.*;

public class PortListener implements Runnable {


public static final int ID_LEN = 16;


// Protocol version, written at connection-open time


// 2 bytes: first byte is always 'T', second byte is


// protocol version


// The actual protocol used will be min(my-version, other-version)


final static byte VERSION[] = {'T', ' '};


public static final String BAD_READ_STR = "CRC Error";


private Socket client;


private Service service;


private String scan_data;


private String addr;


private InputStream is;


private OutputStream os;


private int port;


PortListener(Service service, String addr, int port) {



this.service = service;



this.addr = addr;



this.port = port;


}


public void run() {



Socket sock = null;



InetAddress iaddr = null;



try {

 


iaddr = InetAddress.getByName(addr);



}



catch(UnknownHostException uhe){




System.out.println(uhe);




return;



}



try{




sock = new Socket(iaddr, port); 



} catch (IOException e) {



  System.out.println("Failed to connect on: "+port+"\n");



  return;



}



try{



  handleConnection(sock);



} catch (IOException e) {



  System.out.println("Socket connection screwed up\n");



}



finally {




try{





sock.close();




} catch(IOException ioe){





System.out.println("IOE closing socket: "+ioe);




}



}


}


protected void openSource() throws IOException {



// Assumes streams are open



os.write(VERSION);



byte[] received = readN(2);



if (received[0] != VERSION[0]




|| (received[1] & 0xff) < (VERSION[1] & 0xff))




throw new IOException("Protocol Error");



// We know we're using the initial protocol version...


}


public void handleConnection(Socket sock) throws IOException {



String data = null;



String reader_id = null;



byte[] bbuff;


 
is = sock.getInputStream();


 
os = sock.getOutputStream();


 
openSource();





bbuff = readSourcePacket();



data = new String(bbuff, 12, ID_LEN);



reader_id = new String(bbuff, 6, 2);



if(!(data == null || data.startsWith(BAD_READ_STR))){




service.serveScan(data, reader_id);



}


}


protected byte[] readSourcePacket() throws IOException {



// Protocol is straightforward: 1 size byte, <n> data bytes



byte[] size = readN(1);



return readN(size[0] & 0xff);


}


protected byte[] readN(int n) throws IOException {



byte[] data = new byte[n];



int offset = 0;



// A timeout would be nice, but there's no obvious way to



// write it before java 1.4 (probably some trickery with



// a thread and closing the stream would do the trick, but...)



while (offset < n) {




int count = is.read(data, offset, n - offset);




if (count == -1)





throw new IOException("End-Of-Stream");




offset += count;



}



return data;


}

}

Appendix C – Java code, Service.java

import java.io.*;

import java.sql.*;

//import SQLite.*;

/*

 * Created on May 13, 2004

 *

 */

/**

 * @author ande

 * Andrew Ebaugh, Saurav Chatterjee

 * CSE477, Spring 2004

 */

public class Service  {


public static final String mp3_dir = "/mp3/";


public static final String mp3_sfx = ".mp3";


public static final String mode_id = "E00781BCC1956C22";


//static clips


public static final String startup_clip = " "+mp3_dir+"startup-00"+mp3_sfx;


public static final String err_clip = " "+mp3_dir+"error-00"+mp3_sfx;


public static final String no_clip = " "+mp3_dir+"error-01"+mp3_sfx;


public static final String[] modes = {"mode-00", "mode-01", "mode-02"};


public static final int MODE_ALL = 0;


public static final int MODE_NAME = 1;


public static final int MODE_PRICE = 2; 


public static void main(String[] args) {



Service OService = new Service(4444, "localhost");


}


 Connection con;


Statement statement_product;


Statement statement_measure;


Statement statement_brand;


Statement statement_sale;


Statement statement_alphanum;


Statement statement_numeric;


int port;


String host;


String per_clip;


String ea_clip;


String for_clip;


String dollars_clip;


String dollar_clip;



String cent_clip;


String and_clip;


String thousand_clip;


String hundred_clip;


PortListener p;


int mode_state;


Service(int port, String host){



this.port = port;



this.host = host;



System.out.println("Playing startup file "+startup_clip);



try{




Runtime.getRuntime().exec("madplay -Q --no-tty-control"+startup_clip);



}catch(IOException ioe){




System.out.println("Exception Starting up:");




ioe.printStackTrace();



}



//set up connection to database



try{




Class.forName("SQLite.JDBCDriver");




//con = DriverManager.getConnection("jdbc:sqlite:/W:/db/product.db");




con = DriverManager.getConnection("jdbc:sqlite://mnt/local/root/db/product.db");




//Driver drive = new JDBCDriver();




//con = drive.connect("jdbc:sqlite://mnt/local/root/db/product.db", null);




//con = drive.connect("jdbc:sqlite:/C:/db/product.db", null);




mode_state = 0;




if(con != null) {





statement_product = con.createStatement();





statement_measure = con.createStatement();





statement_brand = con.createStatement();





statement_sale = con.createStatement();





statement_alphanum = con.createStatement();





statement_numeric = con.createStatement();





ResultSet rs;




//Preload frequently used clips






//get the "per" clip





rs = statement_measure.executeQuery("SELECT * FROM measure WHERE id = 7;");





if(rs.next()){






per_clip = rs.getString("measure.clip");






per_clip = " "+mp3_dir+per_clip+mp3_sfx;





}





rs.close();





//get the "ea" clip





rs = statement_measure.executeQuery("SELECT * FROM measure WHERE id = 4;");





if(rs.next()){






ea_clip = rs.getString("measure.clip");






ea_clip = " "+mp3_dir+ea_clip+mp3_sfx;





}





rs.close();





//get the "for" clip





rs = statement_measure.executeQuery("SELECT * FROM measure WHERE id = 8;");





if(rs.next()){






for_clip = rs.getString("measure.clip");






for_clip = " "+mp3_dir+for_clip+mp3_sfx;





}





rs.close();





//get the "dollar" clip





rs = statement_measure.executeQuery("SELECT * FROM measure WHERE id = 9;");





if(rs.next()){






dollar_clip = rs.getString("measure.clip");






dollar_clip = " "+mp3_dir+dollar_clip+mp3_sfx;





}





rs.close();










//get the "dollars" clip





rs = statement_alphanum.executeQuery("SELECT * FROM alphanum WHERE char = '$';");





if(rs.next()){






dollars_clip = rs.getString("alphanum.clip");






dollars_clip = " "+mp3_dir+dollars_clip+mp3_sfx;





}





rs.close();





//get the "cent" clip





rs = statement_alphanum.executeQuery("SELECT * FROM alphanum WHERE char = '*';");





if(rs.next()){






cent_clip = rs.getString("alphanum.clip");






cent_clip = " "+mp3_dir+cent_clip+mp3_sfx;





}









rs.close();





//get the "and" clip





rs = statement_alphanum.executeQuery("SELECT * FROM alphanum WHERE char = '&';");





if(rs.next()){






and_clip = rs.getString("alphanum.clip");






and_clip = " "+mp3_dir+and_clip+mp3_sfx;





}









rs.close();





//get the 1K clip





rs = statement_numeric.executeQuery("SELECT * FROM numeric WHERE num = '1000';");





if(rs.next()){






thousand_clip = rs.getString("numeric.clip");






thousand_clip = " "+mp3_dir+thousand_clip+mp3_sfx;





}









rs.close();





//get the 100 clip





rs = statement_numeric.executeQuery("SELECT * FROM numeric WHERE num = '100';");





if(rs.next()){






hundred_clip = rs.getString("numeric.clip");






hundred_clip = " "+mp3_dir+hundred_clip+mp3_sfx;





}









rs.close();




}




else {





System.out.println("Database connection null");





System.exit(0);




}



}catch(ClassNotFoundException cnfe){




System.out.println("Sqlite db driver not found:"+cnfe);




System.exit(0);




}catch(SQLException se){




System.out.println("Cannot connect to db:"+se);




System.exit(0);



}



//set up scan connection listening thread



p = new PortListener(this, host, port);



Thread t = new Thread(p);



t.start();


}


public void serveScan(String data, String reader_id) {



System.out.println(reader_id+": "+data);



String audio_file = null;



if(checkModeScan(data)){




audio_file = " "+mp3_dir+toggleMode()+mp3_sfx;



}



else{




try {





ResultSet rs = statement_product.executeQuery("SELECT * FROM product WHERE rfid = '"+data+"';");





if(rs.next()) {






audio_file = getAudioClip(rs);





}





else {






System.out.println("No result set found in database for tag:" +data);






audio_file = no_clip;





}





rs.close();




} catch (SQLException e) {





System.out.println("SQL Error looking up RFID tag:");





e.printStackTrace();





audio_file = err_clip;




}



}



try {




if(audio_file != null && !audio_file.equals("")){





System.out.println("Playing audio file:"+audio_file);





Process proc = Runtime.getRuntime().exec("madplay -Q --no-tty-control"+audio_file);





proc.waitFor();





p = new PortListener(this, host, port);





Thread t = new Thread(p);





t.start();




}




else{





System.out.println("Audio clip was not properly constructed");





}



} catch (IOException e1) {




System.out.println("Error calling external audio player:");




e1.printStackTrace();



} catch (InterruptedException e2){




System.out.println("Interrupted exception waiting for external player");




e2.printStackTrace();



}


}


public boolean checkModeScan(String id){



return id.equals(mode_id);


}


public String toggleMode(){



mode_state = (mode_state + 1)%modes.length;



return modes[mode_state];


}


public String getAudioClip(ResultSet rs) throws SQLException{



String clip = "";





if(mode_state == MODE_ALL || mode_state == MODE_NAME){




String brand = getBrandClip(rs);




if(brand != null)





clip += brand;



}



if(mode_state == MODE_ALL || mode_state == MODE_NAME){








String name = getNameClip(rs);




if(name != null)





clip += name;



}



if(mode_state == MODE_ALL || mode_state == MODE_PRICE){











String price = getPriceClip(rs);




if(price != null)





clip += price;



}



return clip;


}


public String getPriceClip(ResultSet rs) throws SQLException{



String price_clip = "";



try{




String quantity = rs.getString("product.price_quantity");




String base_price = rs.getString("product.price");




String price_unit_id = rs.getString("product.price_unit_id");




String sale_type_str = rs.getString("product.sale_type");




price_clip = parsePriceInfo(quantity, base_price, price_unit_id);




int sale_type = 0;




if(sale_type_str == null || sale_type_str.equals("")){





return price_clip;




}




sale_type = Integer.parseInt(sale_type_str);




ResultSet rs_price = statement_sale.executeQuery("SELECT * FROM sale WHERE id = "+sale_type+";");




//two for one




if(sale_type == 0){





if(rs_price.next()){






String sale_info = rs_price.getString("sale.clip");






if(sale_info != null && !sale_info.equals("")){







String sale_clip = " "+mp3_dir+sale_info+mp3_sfx;







price_clip += sale_clip;






}





}





rs_price.close();




}




//discounted price




else if(sale_type == 1){





if(rs_price.next()){






String sale_info = rs_price.getString("sale.clip");






if(sale_info != null && !sale_info.equals("")){







String sale_clip = " "+mp3_dir+sale_info+mp3_sfx;







price_clip = sale_clip;






}





}





rs_price.close();





String sale_price = rs.getString("product.sale_price");





if(sale_price != null && !sale_price.equals("")){






price_clip += parsePrice(sale_price);





}








}




//two for one




else if(sale_type == 2){





if(rs_price.next()){






String sale_info = rs_price.getString("sale.clip");






if(sale_info != null & !sale_info.equals("")) {







String sale_clip = " "+mp3_dir+sale_info+mp3_sfx;







price_clip += sale_clip;






}





}





rs_price.close();








}




//quantity discount




else if(sale_type == 3){





if(rs_price.next()){






String sale_info = rs_price.getString("sale.clip");






if(sale_info != null && !sale_info.equals("")){







String sale_clip = " "+mp3_dir+sale_info+mp3_sfx;







price_clip = sale_clip;






}





}





rs_price.close();





String sale_quantity = rs.getString("product.sale_quantity");





String sale_price = rs.getString("product.sale_price");





price_clip += parsePriceInfo(sale_quantity, sale_price, price_unit_id);









}



}catch(NumberFormatException nfe){



}



return price_clip;


}


public String getBrandClip(ResultSet rs) throws SQLException{



String brand_clip = "";



try {




String id_str = rs.getString("product.brand_id");




int id = Integer.parseInt(id_str);




ResultSet rs_brand = statement_brand.executeQuery("SELECT * FROM brand WHERE id = "+id+";");




if(rs_brand.next()){





String brand = rs_brand.getString("brand.clip");





if(brand != null && !brand.equals(""))






brand_clip = " "+mp3_dir+brand+mp3_sfx;




}






rs_brand.close();



} catch (NumberFormatException nfe){




System.out.println("Invalid brand ID");



}



return brand_clip;


}


public String getNameClip(ResultSet rs) throws SQLException{



String name_clip = "";



String name = rs.getString("product.clip");



if(name != null && !name.equals("")){




name_clip = " "+mp3_dir+name+mp3_sfx;





}



return name_clip;


}


public String parsePriceInfo(String quantity, String price, String price_unit_id) throws SQLException{



String clip = "";



String price_clip = "";



String quantity_clip = "";



String unit_clip = "";



price_clip = parsePrice(price);



if(quantity != null && !quantity.equals("") ){




quantity_clip += parseQuantity(quantity);




quantity_clip += for_clip;



}









if(price_unit_id != null && !price_unit_id.equals("")) {




try {





int unit_id = Integer.parseInt(price_unit_id);





ResultSet rs_unit = statement_measure.executeQuery("SELECT * FROM measure WHERE id = "+unit_id+";");





if(rs_unit.next()){






String unit = rs_unit.getString("measure.clip");






if(unit != null && !unit.equals("")){







if(unit_id == 0)








unit_clip += per_clip;







unit_clip += " "+mp3_dir+unit+mp3_sfx;






}





}





rs_unit.close();




}catch (NumberFormatException nfe){





System.out.println("Number exception getting units: ");





nfe.printStackTrace();

//



unit_clip = ea_clip;




}



}

/*

else{




unit_clip = ea_clip;



}*/



return quantity_clip+price_clip+unit_clip;


}


public String parsePrice(String price) throws SQLException{



String clip = "";



price = fixUpPrice(price);



if(price.indexOf('.') < 0){




System.out.println("Bad fixed-up price in parsePrice(): "+price);




return err_clip;



}



// first check if in database.



if ( false) {





//if so play prerecorded sound



} else {




// if not generate price sound




String dollar_string = price.substring(0, price.indexOf('.'));




String cent_string = price.substring(price.indexOf('.')+1);




int dollars = 0;




int cents = 0;




try{





dollars = Integer.parseInt(dollar_string);





cents = Integer.parseInt(cent_string);




} catch(NumberFormatException nfe){





System.out.println("Bad portion of price: dollars: "+dollar_string+", cents: "+cent_string);





return err_clip;




}





if ( dollars <= 1000 ) {






if ( dollars >= 1000) 







clip += getThousandsClip(dollar_string);






if ( dollars >= 100)  







clip += getHundredsClip(dollar_string);






if ( dollars >= 1)  







clip += getTensClip(dollar_string );






if ( dollars > 0){







if(dollars == 1)








clip += dollar_clip;







else








clip += dollars_clip;











}





// now add cents clips






if ( cents > 0) {







if ( dollars > 0){








clip += and_clip;







}








clip += getTensClip(cent_string);







clip += cent_clip;






}





}





else {






// if over $10G then use simple method below






if(price.indexOf('.') > 0 || !price.substring(price.indexOf('.')).equals(".00")){







for(int x=0; x<price.indexOf('.'); x++){








clip+=parseAlphanum(price.charAt(x));











}







clip += dollars_clip;







for(int x=price.indexOf('.')+1; x<price.length(); x++){








clip+=parseAlphanum(price.charAt(x));











}







clip += cent_clip;






}






else{







for(int x=0; x<price.length(); x++){








clip+=parseAlphanum(price.charAt(x));











}







clip += dollars_clip;






}





}







}



return clip;


}


private String fixUpPrice(String price) {



// should return a string in the format DDD.CC



// eg. 045.0  will return 45.00



// eg. 0.5   will return 0.50



String fixed_price = "";



int x = 0;



//drop preceding zeros



while(price.charAt(x) == '0'){




x++;




if(x == price.length())





return "0.00";




if(price.charAt(x) == '.'){





fixed_price += '0';





break;




}



}



//copy significant numbers until '.' or EOS



while(price.charAt(x) != '.'){




fixed_price += price.charAt(x);




x++;




if(x == price.length())





return fixed_price+".00";



}



//copy '.'



fixed_price += '.';



x++;



//copy first two numbers of cents, or pad as necessary



for(int y = x; y < x+2; y++){




if(y >= price.length())





fixed_price += '0';




else





fixed_price += price.charAt(y);



}





return fixed_price;


}


private String getThousandsClip(String dollar_string) throws SQLException{



String clip = "";



char thou_char = dollar_string.charAt( dollar_string.length() - 4);



clip += parseAlphanum(thou_char);



clip += thousand_clip;



return " "+mp3_dir+clip+mp3_sfx;


}


private String getHundredsClip(String dollar_string) throws SQLException{



String clip = "";



char hun_char = dollar_string.charAt( dollar_string.length() - 3);



clip += parseAlphanum(hun_char);



clip += hundred_clip;



return " "+mp3_dir+clip+mp3_sfx;


}


private String getTensClip(String price) throws SQLException{



return parseNumberUnder100(price);


}


public String parseQuantity(String quantity) throws SQLException{



String clip = "";



for(int x=0; x<quantity.length(); x++){




clip+=parseAlphanum(quantity.charAt(x));



}



return clip;


}


public String parseNumberUnder100(String number) throws SQLException{



String clip = "";



int test_int = 0;



try{




test_int = Integer.parseInt(number);




number = Integer.toString(test_int);



}catch (NumberFormatException nfe){




System.out.println("Bad number given to parseNumberUnder100: "+number);




return err_clip;



}



if(test_int >= 100){




System.out.println("Number too big in parseNumberUnder100: "+number);




return err_clip;



}



if(test_int >= 20){




String query_num = number.charAt(0)+"0";








ResultSet rs_an = statement_numeric.executeQuery("SELECT * FROM numeric WHERE num = '"+query_num+"';");




if(rs_an.next()){





String t_clip = rs_an.getString("numeric.clip");





if(t_clip != null && !t_clip.equals(""))






clip = " "+mp3_dir+t_clip+mp3_sfx;




}




rs_an.close();




if(number.charAt(1) != '0'){





clip += parseAlphanum(number.charAt(1));




}



}



else if(test_int >= 10 && test_int < 20){




ResultSet rs_an = statement_numeric.executeQuery("SELECT * FROM numeric WHERE num = '"+number+"';");




if(rs_an.next()){





String t_clip = rs_an.getString("numeric.clip");





if(t_clip != null && !t_clip.equals(""))






clip = " "+mp3_dir+t_clip+mp3_sfx;




}




rs_an.close();



}



else 




clip += parseAlphanum(number.charAt(0));



return clip;


}


public String parseAlphanum(char alphanum) throws SQLException{



String clip = "";



char an = Character.toUpperCase(alphanum);



ResultSet rs_an = statement_alphanum.executeQuery("SELECT * FROM alphanum WHERE char = '"+an+"';");



if(rs_an.next()){




String t_clip = rs_an.getString("alphanum.clip");




if(t_clip != null && !t_clip.equals(""))





clip = " "+mp3_dir+t_clip+mp3_sfx;



}



rs_an.close();



return clip;


}

}

Appendix E, SAVi Startup script

#!/bin/sh

#

# savi    savi starting and stopping

#

export PATH=/usr/local/sbin:/usr/local/bin:/sbin:/bin:/usr/sbin:/usr/bin:/root/bin

start_asf() {


killproc /root/bin/asf > /dev/null 2>/dev/null 

        killproc ^/platx/home/progs/java/bin/java odbs.jar$ > /dev/null 2>/dev/null

        echo -n "Starting asf: "

        modprobe pxa-ac97

        /root/bin/asf 4444 /dev/tts/3 57600 > /dev/null 2>/dev/null &

        /platx/home/progs/java/bin/java -jar /root/bin/odbs.jar >/dev/null 2>/dev/null &

        echo done.

}

stop_asf() {

        echo -n "Shutting down asf: "

        killproc ^/platx/home/progs/java/bin/java odbs.jar$ > /dev/null 2>/dev/null 


killproc /root/bin/asf > /dev/null 2>/dev/null 

        echo done.

}

[ -e /root/bin/asf ] || exit 0

# See how we were called.

case "$1" in

  start)

        start_asf;

        ;;

  stop)

        stop_asf;

        ;;

  restart|reload)

        stop_asf;

        start_asf;

        ;;

  condrestart)

        [ -f /var/run/asf] && (stop_asf; start_asf)

        ;;

  *)

        echo $"Usage: $0 {start|stop|restart|reload|condrestart}"

        exit 1

esac

exit 
RFID
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