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1. Problem
1.1 Historical Introduction

In the early 1900s, radio emerged as the firstdrast medium. Early companies such as the Radio
Corporation of America (RCA), the America Telephé&elegraph Company (AT&T), and General
Electric (GE) sought to provide Americans with @dguipment and broadcast programs. In 1922,
AT&T aired the first radio commercial and estabdidha profitable paradigm for broadcast that was
unchallenged for nearly a century [1]. To reachrttost consumers, radio stations began playing music
catering to the tastes of the majority. This lethi® evolution of large broadcast corporations aagh
Clear Channel Communications, the National BroadCasgporation (NBC), and the American Broadcast
Corporation (ABC). These companies bought out iedépnt radio stations to broadcast fixed format
play lists that garnered the most listeners anéitpréVhile existing independent stations were gein
purchased, substantial startup costs kept nevossafrom entering the market. According to [2] D02,
“Clear Channel rules the horizon with 1,200 stagjomhich generate more than $3 billion annually in
revenues.” This absence of independent statiohsddio with a homogenized corporate structure.

The Internet boom of the 1990s provided a uniqumodpnity for independent broadcasters by offedng
medium that was largely untouched by the recordimdjbroadcast industries. By broadcasting online,
independent stations avoided the infrastructurésdoierent in building radio towers and layingleab
The Internet, however, was a new technology andyipiications designed to work with it were
rudimentary compared to the Internet applicatidin®day. The first Internet radio stations were o
organized and used an amalgam of technologiesidimg video conferencing software and Voice over
IP (VolP).

In the mid 1990s, many large-scale Internet radivises forged standards for Internet radio. Redidu
launched by RealNetworks in 1995, created theirdespread Internet radio standard. This standard
enhanced the reputability of Internet radio andtted rise in content providers for streaming media
More recently, the freely available SHOUTcast ptulgas allowed anyone with a copy of the Winamp
software to host an Internet radio station, drafiiancreasing the number of streaming content
providers.

Today, Internet radio has become a viable alteredt traditional radio broadcasts. In a study cabed
by Arbitron Inc./Edison Media Research in 2006, ragpnately 30 million people listened to Internet
radio over the course of a single week in JanugjryThe medium, according to Steve Haarhoff in 2002
"[is] predominantly a workplace phenomenon” [4].eT¢pnnection between the workplace and Internet
radio underscores the acceptance of this mediwsatiings where computers are at hand.

Internet radio offers listeners the unique oppdtyuto choose their programming from a multitude of
both independent and corporate owned stations.if@dse popularity of Internet radio, the mediuneso
not have the portability of traditional broadceesdip and satellite radio services. By utilizingealdy
widely available 802.11b wireless networks, WiRA®es Internet radio the portability that more
corporate controlled mediums enjoy and allows sstalions to reach an audience outside of the
workplace.

1.2 Market and Competitive Analysis
Although other portable streaming technologiesteii®y are targeted at platforms inaccessiblado t

independent artist. Cellular service providersadsehave the infrastructure to wirelessly deliver
streaming media and are in the process of deplaj@vices to process and view such media. Verizdn an
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Sprint have created broadband media delivery ses\skaown as VCAST [5] and Sprint TV [6],
respectively. So far, these services are availahlgin limited metropolitan markets. Satellite i@t an
alternative wireless streaming technology thavalable in all areas. This technology has beemanly
concentrated in car-audio and wearable receivepSNbyand Sirius Satellite Radio. These two companies
offer subscription packages for which users mugtgpmonthly service charge in addition to the pad€e
the radio receiver and its installation. Unfortueat these technologies suffer from the same conten
drawback as conventional radio: namely, that higgtsare prohibitive to independent stations and
broadcast slots are available only to large cotpmra.

Portable media players, such as the iPod by Appdetlze Zen by Creative, are another alternative to
WIRAD. Rather than playing streaming media, audistored on internal drives for later consumption.
For small storage, these devices use expensivh Flamory; for larger storage, magnetic drives with
unreliable moving parts are utilized. In both casesh portable media players must include expensiv
onboard storage. Additionally, the content of ntneaming devices is limited to static data, whereas
streaming devices are capable of reporting dynalaiia such as stock quotes, sports scores, andeveath
information in real time. Apple's popular iPod ss\as WIRAD's main non-broadcast competitor.
Models of the iPod media player range in cost f@&@ to $399 [7] and in January of 2005, iPod sales
had garnered $2.8 billion in gross revenue [8]. &tbaless, at a cost of $100, the WIiRAD has few
competitors in either the streaming or non-stregrpiortable media technologies.

1.3 Problem Statement

A need exists for an inexpensive and portable es®device for accessing Internet radio stationsiwi
already developed and widely available wirelessastfucture. Low cost and portability are both
necessary qualities for such a device to be cothetvith traditional radio technologies and non-
streaming media players. WiRAD allows access terirgt radio stations via 802.11b while incorpomatin
the design concepts of low cost and portabilitye Thst of WIRAD is kept low by eliminating onboard
storage, which is used in many popular digital myayers. Costs are also minimized through a desig
that incorporates a small microcontroller useddnjanction with numerous specialized integrated
circuits, rather than an expensive general-purptiseoprocessor.

Portability, the second characteristic necessarYWilRAD to be competitive, consists of three impot
aspects relevant to this application: battery kfee, and network compatibility. WiRAD batterydifs
addressed through power conscious use of the omlwdegless module and use of low power integrated
circuits. Device size is also managed by carefiglgrated circuit selection. The final issue of natw
compatibility is trivial, due to the widespread tpnent of the 802.11b wireless technology used in
WIRAD.

1.4 Implications of Success

With its lower infrastructure-related startup coSt8RAD will likely completely supplant the
underdeveloped cellular streaming media technotodibe already developed satellite radio market may
prove more resilient. While in-home satellite racBoeivers could be easily replaced by WiRAD dewice
automotive units are less likely to be replaced tdube lack of 802.11b coverage on most highways.
Regarding non-streaming portable media players,AlliRwvith a cost comparable to low-end iPods, is
poised to steal much of the iPod market share, mimidpril of 2006 accounted for 60% of the non-
streaming portable media player market [9].

In addition to the economic implications of largale WIRAD deployment, there are social implicasion
These low cost wireless Internet radio receiveosiple one of the most affordable outlets to therimt
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yet. As Internet radio increases in popularityk &tiows and news programs, as well as music, will b
added to the list of available content. It is e@msgonceive of books, web pages, financial datd,raany
other types of information being translated ints thedium. Additionally, WiRAD's ability to receive
broadcasts from a personal computer suggests numapplications, such as a home computer using
text-to-speech technology to read a user's emaihtoor her aloud. This connectivity presents useétis
an unprecedented availability of information.
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