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(57) ABSTRACT 

A microcontroller or microprocessor-controlled broadcast 
receiver embedded in an external peripheral With a digital 
communications interface. In one embodiment, a micropro 
cessor-controlled broadcast receiver is embedded in the 
housing of an external computer peripheral. The external 
computer peripheral is connected to a personal computer 
(PC) via a digital communications link such as USB (uni 
versal serial bus). Control data is relayed from the personal 
computer to the broadcast receiver in the external computer 
peripheral via the digital communications link. Audio sig 
nals received by the broadcast receiver in the external 
computer peripheral may also be relayed to the personal 
computer via the digital communications link or via an 
analog interface for recording storage, or manipulation by 
the personal computer. The broadcast receiver may also 
receive data signals in addition to audio signals (datacast 
ing). The data or audio signals or both may be encrypted. 
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BROADCAST RECEIVER IN A PERIPHERAL 
SUPPORTING BI-DIRECTIONAL, DIGITAL 
COMMUNICATION WITH A REMOTE 

COMPUTER 

TECHNICAL FIELD 

[0001] The present invention is directed to a microcon 
troller or microprocessor-controlled broadcast receiver 
embedded in a computer peripheral With a digital commu 
nications interface for bidirectional communications With a 
personal computer. 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0002] Not applicable. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 

[0003] Not applicable. 

BACKGROUND OF THE INVENTION 

[0004] The present invention relates generally to a micro 
controller or microprocessor-controlled broadcast receiver 
embedded in an external personal computer peripheral and, 
more particularly, to a microcontroller-controlled broadcast 
receiver embedded in an external personal computer periph 
eral With a digital communications interface to transfer data 
betWeen a personal computer and the microcontroller or 
microprocessor-controlled broadcast receiver. 

[0005] Avariety of broadcast receivers are currently avail 
able for use With a personal computer. For instance, there are 
a number of cards Which may be plugged directly into the 
bus of a personal computer (PC) that feature AM and/or FM 
radio band receiver chips or circuits. There are also a number 
of cards Which may be plugged directly into the bus of a 
personal computer that feature TV receivers. These cards, 
hoWever, are not integrated into external computer periph 
erals, such as a multimedia speaker or computer keyboard, 
but are instead for use Within the housing of a personal 
computer. Because of the close proximity of these cards to 
the components inside the personal computer, these cards 
suffer from RF interference problems, creating reception 
problems. As bus speeds for personal computer mother 
boards continue to increase, the RF interference problems 
faced by these internal cards Will also increase. Furthermore, 
because these internal cards require PC operating system 
support, playback of the received broadcast signals (such as 
FM radio signals) may be interrupted if the operating system 
is occupied With other processing tasks. 

[0006] Another solution involves the use of external 
broadcast receivers. Commercially available examples 
include external radio receivers such as the Minolta PCFM 
and the Gemtek Radioman. These external radio receivers 
are for use With a personal computer, but these external radio 
receivers are not integrated With another computer periph 
eral, such as a multimedia speaker or keyboard. The external 
radio receivers require the use of a separate sound card 
Within the personal computer, as Well as a separate computer 
speaker, to playback the received radio signal. Furthermore, 
existing external radio receivers also require relatively 
expensive serial port connections and cables to connect the 
receiver to a personal computer. It Would therefore be an 
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advance in the art to integrate a microcontroller or micro 
processor-controlled broadcast receiver that is responsive to 
control signals received from a personal computer over a 
digital communications link, such as a universal serial bus 
(USB) link, With an external computer peripheral. 

[0007] One objective of the present invention is to provide 
a cost effective microcontroller or microprocessor-con 
trolled broadcast receiver external to the personal computer. 
One Way the preferred embodiment of the invention pro 
vides a cost effective microprocessor-controlled broadcast 
receiver external to the personal computer is by embedding 
the broadcast receiver (preferably an FM band receiver) in 
a computer peripheral, thereby eliminating the need for a 
separate housing or case for the broadcast receiver. Further 
more, the circuitry for the microprocessor-controlled broad 
cast receiver can be embedded in the circuit board of the 
computer peripheral, eliminating the cost of a separate 
circuit board. By using a digital communications link, such 
as USB, to communicate data betWeen the personal com 
puter and the broadcast receiver, the need for relatively 
expensive serial port connections and cables is also elimi 
nated. 

[0008] Another objective of the present invention is to 
provide a convenient Way to remotely control and program 
the microprocessor-controlled broadcast receiver from a 
personal computer. By providing a user interface on the 
personal computer, the user can conveniently and easily 
visualiZe, select, and change the broadcast receiver controls 
(such as the selected tuning frequency, output volume, etc.). 
By connecting the personal computer to remote program 
ming information, such as programming information avail 
able on the internet or World-Wide Web, the user interface 
can present the user With programming information received 
from the internet and translate the user’s selections of 
programming content into control signals to control the 
broadcast receiver. The user interface can also reside on an 

internet Web site, alloWing the user to make programming 
selections via a Web page. The user’s selections are utiliZed 
by the personal computer to directly control the broadcast 
receiver Without further user intervention. 

[0009] Another objective of the present invention is to 
provide broadcast signals reception and playback Without a 
separate sound card in the controlling computer or personal 
computer. By integrating the broadcast receiver and an 
ampli?er circuit into a speaker or subWoofer, the invention 
can playback received broadcast radio or audio signals 
Without sending those signals back to the personal computer 
or sound card. When broadcast radio or audio signals require 
computer or sound card processing, the computer’s operat 
ing system may interrupt the processing When the computer 
is busy With other processing tasks. Because the invention 
plays back received radio or audio signals Without ?rst 
processing them by the personal computer or sound card, the 
user is provided With reliable and continuous radio opera 
tion. 

[0010] Another objective of the present invention is to 
provide improved broadcast reception and a reduction in the 
signal to noise ratio (SNR) by integrating the broadcast 
receiver in an external multimedia speaker. The RF envi 
ronment inside a computer interferes With broadcast recep 
tion. As a result, the reception of internal radio cards suffers. 
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By locating the broadcast receiver and the antennae outside 
of the personal computer housing, superior broadcast recep 
tion is provided. 

[0011] Another objective of the present invention is to 
provide a less complicated computer-controlled broadcast 
receiver. By incorporating the broadcast receiver in an 
external personal computer peripheral, the number of con 
trol and poWer Wires is minimized. Further, the user only 
needs to setup a single computer peripheral, as opposed to 
the current solutions Which require the user to setup both the 
external computer peripheral and a separate computer-con 
trolled broadcast receiver (Whether that broadcast receiver is 
an external radio, an internal radio card or an internal TV 

tuner card). 

[0012] Another objective of the present invention is to 
provide a receiver that can receive broadcast data signals (a 
datacast receiver) as Well as audio signals. 

[0013] Another objective of the present invention is to 
provide a receiver With decoding functionality. By using a 
“key,” a broadcaster can require the user to pay to be able to 
receive and decode broadcast signals. This “key” can be a 
one-time purchase, or can have a limited duration, requiring 
the user to reneW a subscription periodically. Data and/or 
audio broadcasts can be encrypted and require a key to 
decode. 

[0014] These and other objects of the invention are dis 
cussed in or Will be apparent to those skilled in the art from 
the folloWing detailed description of a preferred embodi 
ment of the invention. 

SUMMARY OF THE INVENTION 

[0015] The present invention relates to a microprocessor 
controlled broadcast receiver embedded in an external 
peripheral With a digital communications interface. In one 
embodiment, a microprocessor-controlled broadcast 
receiver is embedded in the circuit board of an external 
multimedia computer speaker. The external multimedia 
computer speaker, containing the broadcast receiver, is 
connected to a controlling computer, such as a personal 
computer (PC), via a digital communications link such as 
USB (Universal Serial Bus). Control data, such as the 
user-selected RF tuning frequency, are relayed from the 
controlling personal computer to the external multimedia 
computer speaker via the digital communications link. The 
microcontroller or microprocessor located Within the mul 
timedia computer speaker processes the control data and 
directs the broadcast receiver to respond accordingly. The 
microcontroller located Within the external multimedia com 
puter speaker may also relay analog or digital audio signals, 
digital data signals, as Well as status or acknoWledgment 
information, received by the broadcast receiver to the con 
trolling computer via the digital communications link for 
recording or manipulation by the controlling computer. 

[0016] These and other features of the present invention 
are discussed or apparent in the folloWing detailed descrip 
tion of the preferred embodiment of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] Apreferred embodiment of the present invention is 
described herein With reference to the draWings Wherein: 
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[0018] FIG. 1 is a broadcast receiver in a multimedia 
speaker system With remote digital control; 

[0019] FIG. 2 is a broadcast receiver in a multimedia 
speaker system With remote digital control and analog 
upload for storage and transfer; 

[0020] FIG. 3 is a broadcast receiver in a multimedia 
speaker system With remote digital control and digital audio 
upload for storage and transfer; 

[0021] FIG. 4 is a modular broadcast receiver card in a 
multimedia speaker system; 

[0022] FIG. 5 is a multimedia speaker system With a 
remote controlled broadcast receiver With audio media stor 
age; 

[0023] FIG. 6 is a hybrid digital radio receiver for use in 
a computer peripheral; and 

[0024] FIG. 7 is a broadcast receiver in a multimedia 
speaker system With encryption. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0025] Referring to FIG. 1, a preferred embodiment is a 
multimedia speaker system With broadcast receiver 1 that 
includes a subWoofer 2 and satellite stereo speakers 3 and 4. 
The subWoofer 2 includes a subWoofer enclosure 5 that 
encloses a broadcast receiver circuit 6, microcontroller With 
integrated digital communication interface 7, ampli?er cir 
cuit 8, and subWoofer driver 9. Antennae 10 may be con 
tained Within the peripheral housing (subWoofer enclosure 
5) or may be connected to and external of the peripheral 
housing. 
[0026] The subWoofer driver 9 is a standard subWoofer 
driver as is Well knoWn to one of ordinary skill in the art. The 
ampli?er circuit 8 is a standard ampli?er circuit as is Well 
knoWn to one of ordinary skill in the art. The ampli?er 
circuit 8 controls the sound processing for the subWoofer 
driver 9 and for the satellite stereo speakers 3 and 4. The 
ampli?er circuit 8 delivers ampli?ed audio signals to the 
subWoofer driver 9 and satellite stereo speakers 3 and 4, 
Which output the ampli?ed audio signals to the user (not 
shoWn). The ampli?er circuit 8 receives audio signals for 
ampli?cation from the broadcast receiver circuit 6 and/or the 
microcontroller With integrated digital communications 
interface 7. 

[0027] The broadcast receiver circuit 6 is connected to the 
antennae 10 for reception of RF broadcast signals on a 
selected RF frequency. The broadcast receiver circuit is 
preferably a FM band broadcast receiver, but may also be a 
broadcast receiver for another RF frequency band. The 
broadcast receiver circuit 6, Which is connected to the 
ampli?er circuit 8, provides the ampli?er circuit 8 With the 
selected RF frequency broadcast signals for ampli?cation 
and output to the user (not shoWn). The broadcast receiver 
circuit 6 is also connected to the microcontroller With digital 
communications interface 7. The microcontroller With inte 
grated digital communications interface 7 has tWo-Way 
communications With the broadcast receiver circuit 6. 

[0028] The microcontroller With integrated digital com 
munications interface 7 receives control data from the 
personal computer 11 over the digital communications 
link 12. 
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[0029] The microcontroller With integrated digital com 
munications interface 7 processes the received control data 
and generates corresponding control signals for the broad 
cast receiver circuit 6. The microcontroller With integrated 
digital communications interface 7 then transmits the control 
signals to the broadcast receiver circuit 6. These control 
signals might include the user-selected RF tuning frequency, 
for example. The microcontroller With integrated digital 
communications interface 7 also receives broadcast signals 
from the broadcast receiver circuit 6. The broadcast receiver 
circuit 6 sends status information to the microcontroller With 
integrated digital communications interface 7. The status 
information includes, for example, an acknowledgement 
that the broadcast receiver circuit 6 Was able to successfully 
change the RF tuning frequency to the requested tuning 
frequency. 

[0030] The microcontroller With integrated digital com 
munications interface 7 may also receive audio streams from 
the personal computer 11 over the digital communications 
link 12 or over an analog link (not shoWn). In this case, the 
received audio streams are forWarded to the ampli?er circuit 
8 for ampli?cation and output to the user (not shoWn). This 
alloWs the multimedia speaker system With broadcast 
receiver 1 to be used not only for the playback of received 
broadcast signals, but also for the playback of all audio 
generated by, received by, or stored by the personal com 
puter 11. 

[0031] Although the microcontroller With integrated digi 
tal communications interface 7 is preferably located Within 
the subWoofer enclosure 5, the microcontroller With inte 
grated digital communications interface 7 may optionally be 
located outside of the subWoofer enclosure 5. For example, 
the microcontroller With integrated digital communications 
interface 7 may instead be located Within either satellite 
stereo speaker 3 or satellite stereo speaker 4. Similarly, the 
broadcast receiver circuit 6 may also be located Within either 
satellite stereo speaker 3 or 4 rather than Within the sub 
Woofer enclosure 5. 

[0032] The digital communications link 12 connects the 
microcontroller With integrated digital communications 
interface 7 to the personal computer 11. The digital com 
munications link 12 is preferably a USB (Universal Serial 
Bus) link, but may be any digital link such as IEEE-1394 
(?reWire), or RS-232. The digital communications link 12 
may also be a Wireless link. The digital communications link 
12 transmits control data and in some cases audio streams 
from the personal computer 11 to the microcontroller With 
integrated digital communications interface 7. Control data 
includes, but is not limited to: requested RF tuning frequen 
cies, changes in output volume, commands to turn the 
broadcast receiver ON or OFF, a requested time to turn the 
broadcast receiver ON or OFF, etc. Audio streams include 
PC-generated or stored audio streams, such as Wave ?les. 

[0033] Apersonal computer typically includes a display, a 
microprocessor, memory (e.g. RAM), and a storage media 
(such as a hard disk drive or HDD). As depicted in FIG. 1, 
the personal computer 11 includes a digital control interface 
13, microprocessor 14, bus 15, and data receiver interface 
16. The digital control interface 13 communicates data from 
the bus 15 to the digital communications link 12. The digital 
control interface 13 also communicates data from the digital 
communications link 12 to the bus 15. The digital control 
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interface 13 must support the digital communications link 
12. For example, if the digital communications link 12 is a 
USB link, the digital control interface 13 must support USB 
communications. The digital control interface 13 is prefer 
ably a USB interface. A USB digital control interface for 
personal computers is Well knoWn to those of ordinary skill 
in the art. 

[0034] The microprocessor 14 communicates With the 
digital control interface 13 and/or the data receiver interface 
16 via the bus 15. The bus 15 supports tWo-Way communi 
cations betWeen the digital control interface 13 and the data 
receiver interface 16, betWeen the digital control interface 13 
and the microprocessor 14, and/or betWeen the data receiver 
interface 16 and the microprocessor 14. For example, the 
microprocessor 14 may place data on the bus 15 intended for 
either the digital control interface 13 or the data receiver 
interface 16. The microprocessor 14 may also read or 
receive data placed on the bus 15 by either the digital control 
interface 13 or the data receiver interface 16. 

[0035] The microprocessor 14 of the personal computer 11 
supports a user interface that provides the user (not shoWn) 
With a variety of radio controls. For example, from the user 
interface the user (not shoWn) may turn the broadcast 
receiver circuit 6 ON, change the tuning frequency (either by 
manually selecting the tuning frequency or by selecting a 
tuning frequency from a prede?ned group of presets), 
change the speaker output volume, set a time for the 
broadcast receiver circuit 6 to turn ON (set the broadcast 
alarm clock), set a time for the broadcast receiver circuit 6 
to turn off (set the “sleep” function), select a future tuning 
frequency based on future programming content, set a time 
and tuning frequency for the recording of a future audio 
program for later playback (playback in non-real time), and 
control the reception of other data content for datacasting. 

[0036] The data receiver interface 16 alloWs remote pro 
gramming data to be used to program the broadcast receiver 
circuit 6. The data receiver interface 16 is preferably a 
modem for connecting to the internet for gathering remote 
programming information 17, but may also be a netWork 
adapter, a cable connection or any other external data 
interface that alloWs access to remote programming infor 
mation 17. The data receiver interface 16 communicates 
remote programming information 17 to the microprocessor 
14 via the bus 15. The microprocessor 14 may present 
selected portions or the entirety of the remote programming 
information 17 to the user (not shoWn) via the user interface. 
Alternately, the microprocessor 14 may generate control 
signals directly, Without any user involvement, based upon 
the remote programming information 17. 

[0037] By Way of example, in operation a user (not shoWn) 
may select a tuning frequency from the presets presented to 
the user (not shoWn) via the user interface. Based upon the 
user’s selection, the microprocessor 14 generates corre 
sponding control signals. The control signals are sent to the 
digital control interface 13 via the bus 15. The digital control 
interface 13 then transmits the control signals to the micro 
controller With integrated digital communications interface 
7 contained Within the subWoofer 2 via the digital commu 
nications link 12. The microcontroller With digital commu 
nications interface 7 processes the control signals and sends 
a control signal to the broadcast receiver circuit 6, com 
manding the broadcast receiver circuit 6 to change to the 
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user’s selected RF tuning frequency. The broadcast receiver 
circuit 6 sends an acknowledgment to the microcontroller 
With integrated digital communications interface 7, 
acknowledging the successful change in tuning frequency. 
The broadcast receiver circuit 6 receives broadcast signals 
on the selected tuning frequency via the antennae 10. The 
broadcast signals are sent to the ampli?er circuit 8 Where 
they are ampli?ed for playback. The ampli?ed signals are 
sent to the subWoofer driver 9 and satellite stereo speakers 
3 and 4 for output to the user (not shoWn). 

[0038] Referring to FIG. 2, an alternate embodiment of a 
multimedia speaker system With broadcast receiver 1 is 
shoWn. In this embodiment, the further capability of analog 
upload for storage and transfer is shoWn. This embodiment 
also provides the 19 to the ampli?er circuit 8 not only alloWs 
the multimedia speaker system With broadcast receiver 1 to 
playback received broadcast signals, but also to output 
sound card audio Without requiring a separate set of speakers 
for the personal computer 11. This additional analog inter 
face betWeen the ampli?er circuit 8 and the sound card 19 
may be added to any of the embodiments discussed herein 
if the personal computer 11 is equipped With a sound card 
19. 

[0039] Referring to FIG. 3, an alternate embodiment of a 
multimedia speaker system With broadcast receiver 1 is 
shoWn. In this embodiment, the further capability of digital 
audio upload for storage and transfer is provided. In FIG. 3, 
the subWoofer enclosure 5 further contains an analog-to 
digital converter 18 The analog-to-digital converter 
18 is connected to the broadcast receiver circuit 6. The 
analog-to-digital converter 18 is also connected to the 
microcontroller With integrated digital communications 
interface 7. The microcontroller With integrated digital com 
munications interface 7 sends control signals to the analog 
to-digital converter 18 to control the conversion performed 
by the analog-to-digital converter 18. The analog-to-digital 
converter 18 receives analog signals from the broadcast 
receiver circuit 6. The analog-to-digital converter 18 con 
verts the received analog signals into a digital representation 
of those signals. The digitiZed signals that form the output of 
the analog-to-digital converter 18 are sent to the microcon 
troller With integrated digital communications interface 7. 
The microcontroller With digital communications interface 7 
may transfer the digitiZed signals to the personal computer 
11 via the digital communications link 12. In this embodi 
ment, ?reWire 1394 is preferred as it has a sufficiently high 
bandWidth to alloW for the transmission of digitiZed audio 
signals to the personal computer 11 While digital control 
signals are being transmitted to the microcontroller With 
integrated digital communications interface 7 by the per 
sonal computer 11 Without a degradation in the quality of the 
audio transmission. Alternately, a fast USB link, or any 
digital link With a higher bandWidth, is also acceptable. 

[0040] The subWoofer enclosure 5 also further contains an 
audio buffer memory 23. Audio buffer memory 23 may be a 
separate buffer memory or it may be included Within the 
microcontroller With integrated digital communications 
interface 7. The microcontroller With integrated digital com 
munications interface 7, the audio buffer memory 23, and the 
analog-to-digital converter 18 are all preferably connected 
via the bus of the microcontroller With integrated digital 
communications interface 7. The audio buffer memory 23 is 
used to buffer the transfer of data from the microcontroller 
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With integrated digital communications interface 7 across 
the digital communications link 12. Such buffering permits 
error detection and correction to be performed Without a 
noticeable interruption in the audio stream that is output to 
the user (not shoWn). Data may be transferred from the 
microcontroller With integrated digital communications 
interface 7 to the audio buffer memory 23. Correspondingly, 
data may also be transferred out of the audio buffer 23 and 
into the microcontroller With integrated digital communica 
tions interface 7. 

[0041] The digitiZed signals are received in the personal 
computer 11 by the digital control interface 13. The personal 
computer 11 further contains audio storage media 20 and 
memory 21. The memory 21 is preferably a hard disk drive 
(HDD) or other storage media With sufficient siZe to alloW 
for the storage of large audio signals. The audio storage 
media 20 is connected to the bus 15. The memory 21 is also 
connected to the bus 15. The digitiZed signals received by 
the digital control interface 13 may be transferred to the 
audio storage media 20 and/or the memory 21 via the bus 15. 
The digitiZed signals may also be transferred to the micro 
processor 14 via the bus 15 for processing before the signals 
are stored. The digitiZed signals stored in the audio storage 
media 20 and/or the memory 21 may also be later retrieved 
and replayed or transferred to the microprocessor 14 via the 
bus 15 for processing. 

[0042] Referring to FIG. 4, an alternate embodiment of a 
multimedia speaker system With broadcast receiver 1 is 
shoWn. In this embodiment, the broadcast receiver circuit 6 
may be con?gured as a plug-in card to plug into a computer 
peripheral such as the multimedia speaker system With 
broadcast receiver 1. In FIG. 4, the subWoofer enclosure 5 
further contains a plug-in slot 25. A separate broadcast 
receiver card 26 may be plugged into the plug-in slot 25. The 
plug-in slot 25 and broadcast receiver card 26 may feature 
any type of connector, such as a PCMCIA, a device bay 
standard connection, or an onboard chip replacement. The 
broadcast receiver card 26 contains the broadcast receiver 
circuit 6. The broadcast receiver circuit 6 of the broadcast 
receiver card 26 interfaces With the microcontroller With 
integrated digital communications interface 7 and the ampli 
?er circuit 8 via the plug-in slot 25. This embodiment alloWs 
for easy upgrade of the broadcast receiver, for eXample from 
an analog FM broadcast receiver to a digital FM broadcast 
receiver. This embodiment also alloWs the user (not shoWn) 
to use the broadcast receiver card 26 in other computer 
peripherals or other consumer electronics appliances, such 
as automobile stereos, personal stereos, and/or portable 
stereos, With a corresponding plug-in slot. 

[0043] Referring to FIG. 5, an alternate embodiment of a 
multimedia speaker system With broadcast receiver 1 is 
shoWn. In this embodiment, a removable audio storage 
media for the transfer of audio signals received by the 
broadcast receiver is shoWn. In FIG. 5, subWoofer enclosure 
5 further includes a card slot for audio media storage 28. The 
card slot for audio media storage 28 is connected to the 
microcontroller With integrated digital communications 
interface 7. Ampli?ed broadcast audio signals from the 
microcontroller With integrated digital communications 
interface 7 may be sent to the card slot for audio media 
storage 28. These ampli?ed broadcast audio signals may be 
analog or digital depending upon the type of removable 
audio media storage 27. Removable audio media storage 27, 
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Which may be either analog or digital, such as a mini-disc, 
a circuit or card containing Flash RAM memory, or audio 
tape, may be inserted into the card slot for audio media 
storage 28. The ampli?ed broadcast audio signals may then 
be recorded onto the removable audio media storage 27. The 
ampli?ed broadcast audio signals on the removable audio 
media storage 27 may then be played back elseWhere, such 
as in a car. 

[0044] Numerous variations on the preferred embodiment 
and alternate embodiments of the invention are possible. For 
example, the broadcast receiver circuit 6, microcontroller 
With integrated digital communications interface 7, and/or 
ampli?er circuit 8 may be located in either satellite stereo 
speaker 3 or 4 instead of in subWoofer 2. In another 
variation, the control signals transmitted from the micropro 
cessor 14 to the microcontroller With integrated digital 
communications interface 7 may not need further processing 
and/or formatting by the microcontroller With integrated 
digital communications interface 7 before being forWarded 
to the broadcast receiver circuit 6. In another variation, the 
broadcast receiver circuit 6, microcontroller With integrated 
digital communications interface 7, and/or ampli?er circuit 
8 may be located in an alternate external computer periph 
eral, such as a mouse (or other pointing device), joystick, or 
keyboard, that is connected to the personal computer 11 via 
a digital communications link. In another variation, the 
microcontroller With integrated digital communications 
interface 7 may be replaced by a separate microcontroller 
and a separate digital communications interface (as opposed 
to a single component or circuit With both functions). In 
another variation, the functionality of the broadcast receiver 
circuit 6 is provided by a single broadcast receiver chip. In 
yet another variation, a hybrid chip provides the function 
ality of the broadcast receiver circuit 6 as Well as the 
functionality of the microcontroller With integrated digital 
communications interface 7. 

[0045] Although the preferred embodiment receives FM 
band broadcast signals, around the 100 MHZ range, through 
the broadcast receiver circuit 6, in alternate embodiments, 
the broadcast receiver circuit 6 receives broadcast signals on 
a range of RF frequencies outside of the FM band. An 
L-band broadcast receiver circuit or chip, Which operates 
around the 1500 MHZ range, may be used rather than an FM 
band broadcast receiver circuit or chip. Similarly, an S-band 
broadcast receiver, Which operates around the 2310-2360 
MHZ range. An AM band broadcast receiver, or a VHF band 
broadcast receiver, Which operates around the 30-300 MHZ 
range, may be used. Other broadcast receivers operating at 
different RF ranges may also be used. 

[0046] Broadcast signals can contain programming signals 
or information along With the broadcast audio signals. This 
is commonly referred to as RDS (Radio Data Systems) or 
RBDS (Radio Broadcasting Data Systems). Examples of 
broadcast systems Which can broadcast programming sig 
nals along With broadcast audio include digital FM radio, 
In-Band On-Channel (IBOC) and Eureka-147. 

[0047] An In-Band On-Channel (IBOC) broadcast 
receiver circuit may also be used in place of the broadcast 
receiver circuit 6. In-Band receivers receive analog and 
digital programs simultaneously on the same channel on the 
existing AM and FM bands. The digital program could be 
used for datacasting. Other types of broadcast receivers can 
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also be used in place of the broadcast receiver circuit 6. 
Receivers operating a variety of frequency bands are being 
implemented that provide greater bandWidth than a standard 
FM receiver. These receivers, generally referred to as Digital 
Audio Broadcast (DAB) receivers, can receive higher qual 
ity audio, programming data, as Well as other data transmis 
sions in one broadcast signal. The received broadcast signals 
contain both audio content and additional transmitted data 
that may or may not relate to the audio content. 

[0048] A Eureka-147 broadcast receiver circuit may also 
be used in place of the broadcast receiver circuit 6. Eureka 
147 is a Wideband system, interleaved in both frequency and 
time, for broadcast of Digital Audio Radio (DAR) signals. A 
prototype Eureka-147 system, using L-band transmission, 
has been evaluated in Canada. Because of the greater 
bandWidth available With Eureka-147, it could potentially be 
used not only for digital radio transmission, but for data 
casting as Well. 

[0049] When the broadcast receiver is a datacasting 
receiver, the received broadcast signal must be decoded and 
the data portion of the signal must be extracted separately 
from the audio portion of the signal. FIG. 6 shoWs a hybrid 
digital broadcast receiver. The hybrid digital broadcast 
receiver shoWn in FIG. 6 may be used in place of the 
broadcast receiver circuit 6 and the microcontroller With 
digital communications interface 7. 

[0050] The antennae 10 receive broadcast signals at a 
designated frequency. The antennae 10 are connected to a 
discrete ?lter 40. The discrete ?lter 40, a bandpass ?lter, 
?lters out noise from the signal received by the antennae 10. 
The discrete ?lter 40 is connected to the RF front end 
circuitry 41. The RF front end circuitry 41 includes a 
variable mixer 42, a bandpass ?lter 43, and a ?xed mixer 44. 
The variable mixer 42 is connected to both the discrete ?lter 
40 and the bandpass ?lter 43. The bandpass ?lter 43 is also 
connected to the ?xed mixer 44. Signals received by the RF 
front end circuitry 41 from the discrete ?lter 40 are ?rst 
passed through the variable mixer 42. The output of the 
variable mixer 42 is at intermediate frequency (IF) 45. If the 
signals received by the antennae 10 are FM band or IBOC 
signals, IF 45 Will be around 10.7 MHZ. If the signals 
received by the antennae 10 are Eureka-147 signals, IF 45 
Will be greater than 30 MHZ. The output of the variable 
mixer 42 is passed through the band pass ?lter 43. The 
output of the bandpass ?lter 43 is passed through the ?xed 
mixer 44. The output of ?xed mixer 44 is at intermediate 
frequency (IF) 46. The signals received by the antennae 10 
are IBOC or FM band signals (around the 100 MHZ range), 
IF 46 Will be around the 455 KHZ range. If the signals 
received by the antennae 10 are Eureka-147, IF 46 Will be 
5 MHZ or greater. 

[0051] The output of the ?xed mixer 44 is the output of the 
RF front end circuitry 41. The analog signals that are the 
output of the RF front end circuitry 41 are at IF 46. The RF 
front end circuitry 41 is connected to the USB codec 48. The 
USB codec 48 includes an analog-to-digital converter 47 
(A/D), a digital signal processor (DSP) 49, and a USB 
microcontroller 50. The analog-to-digital converter 47 is 
connected to the ?xed mixer 44 and to the DSP 49. The DSP 
49 is connected to the USB microcontroller 50. The analog 
to-digital converter 47 receives a ?ltered analog signal from 
the RF front end 41, and more speci?cally, from the ?xed 
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mixer 44. The analog-to-digital converter 47 converts the 
?ltered analog signal (at intermediate frequency 46) to 
digital representation of that signal. The digital signal that 
forms the output of the analog-to-digital converter 47 is 
passed to the DSP 49. The DSP 49 processes the digital 
signal. Data extraction is performed by the DSP 49 on the 
digital signal, extracting the data components (datacasting 
information) the digital audio components, and/or the analog 
audio components of the signal received by the antennae 10 
and ?ltered by the RF front end 41. The output of the 
analog-to-digital converter 47 and the output of the DSP 49 
can be 16- or 32-bits Wide. The digital components extracted 
by the DSP 49, or the digital components of the original 
broadcast signal received by the antennae 10, are passed to 
the USB microcontroller 50. The USB microcontroller 50 
formats the extracted digital component(s) for transmission 
to the personal computer 11 via the digital communications 
link 12. Because the digital communications link 12 is 
preferably a USB link, the USB microcontroller 50 formats 
the extracted digital component(s) for transmission via a 
USB link. HoWever, if the digital communications link 12 is 
an alternate digital link (other than USB) the USB micro 
controller 50 formats the extracted digital component(s) for 
transmission in the speci?c format of the chosen digital 
communications link. 

[0052] The DSP 49 extracts and demodulates the analog 
component(s) of the original broadcast signal. The analog 
component(s) extracted and demodulated by the DSP 49, or 
the ?ltered and mixed analog component(s) of the original 
broadcast signal received by the antennae 10, is passed to the 
digital-to-analog converter 53. The digital-to-analog con 
verter 53 is connected to the DSP 49 and may optionally be 
included in the USB codec 48 or it may be a separate 
component. The output 51 of the digital-to-analog converter 
53 may be passed to the ampli?er circuit 8 (shoWn in FIGS. 
1-5 and 7) for ampli?cation and output to the user. Alter 
nately, the analog output 51 of the digital-to-analog con 
verter 53 may be passed to a sound card, optionally present 
in the personal computer, via an analog link. 

[0053] The RF front end 41 may be a circuit comprised of 
multiple components, or it may be a single chip that provides 
the above-described functionality. Similarly, the USB codec 
may be a circuit comprised of multiple components, or it 
may be a single chip that provides the above-described 
functionality. Further, in another variant, a single chip may 
provide the functionality of the RF front end 41 and the USB 
codec 48. 

[0054] As shoWn in FIG. 6, also connected to the USB 
microcontroller 50 is a local oscillator 52. Control signals, 
generated by the USB microcontroller 50 in response to 
control data received over the digital communications link 
12, are passed to the local oscillator 52. The local oscillator 
52 is connected to the variable mixer 42. Based upon the 
control signals received, the local oscillator 52 adjusts the 
variable mixer 42. This alloWs the USB microcontroller 50 
to change the tuning frequency of the broadcast receiver, for 
example. 

[0055] In a variation of the embodiment shoWn in FIG. 6, 
the USB codec may not have a DSP 49. In this variation, the 
analog-to-digital converter 47 is connected to the USB 
microcontroller 50. The USB microcontroller 50 formats the 
digitiZed signal that is the output of the analog-to-digital 
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converter 49 and transmits the digitiZed signal to the per 
sonal computer 11 via the digital communications link 12. 
The microprocessor 5 of the personal computer 11 processes 
the digitiZed signal and performs data extraction on the 
digitiZed signal, extracting the data components of the signal 
received by the antennae 10 and ?ltered by RF front end 41. 
In this variation, ?reWire (IEEE-1394) is preferred as the 
digital communications link 12 because of its increased band 
Width. 

[0056] Referring to FIG. 7, an alternate embodiment is 
shoWn. In this embodiment, the broadcast signals received 
by the antennae 10 are encrypted. This alloWs a broadcaster 
(not shoWn) to require a user (not shoWn) to pay for a “key” 
to be able to receive and play back the encrypted broadcast 
signals. The antennae 10 are connected to a broadcast 
receiver circuit 6. In this embodiment, the broadcast receiver 
circuit 6 is able to receive digital data (datacasting) as Well 
as audio data in a single broadcast signal. 

[0057] The broadcast receiver circuit 6 is connected to the 
USB codec 48. The received broadcast signal is passed from 
the broadcast receiver circuit 6 to the USB codec 48. The 
USB codec 48 performs data and audio extraction. The USB 
codec 48 also formats data for transmission over the digital 
communications link 12 to the personal computer 11. The 
USB codec 48 data and audio extraction function requires a 
“key” to be able to extract the data and audio. The extraction 
algorithm executes on the DSP inside the USB codec 48 and 
requires at least one constant (or “key”) to be able to extract 
data and audio from the broadcast signal. 

[0058] The USB codec 48 is connected to the digital 
communications link 12 and the ampli?er circuit 8. The 
digital communications link 12 connects the USB codec 48 
to the personal computer 11. The personal computer 11 
contains a data receiver interface 16 that is connected to an 
external data source such as the internet 60. A broadcaster 
(not shoWn) also has a computer, the broadcast control 
computer 61, connected to the internet. The broadcast con 
trol computer 61 contains billing information and key infor 
mation. 

[0059] In operation, the user (not shoWn) interfaces the 
personal computer 11 to the broadcast control computer 61 
via a user interface (not shoWn) on the personal computer 11 
and the internet 60. The user (not shoWn) enters payment 
information (such as a credit card number) via the user 
interface. This information is transferred to the broadcast 
control computer via the internet 60. Alternately, the user 
may enter payment information directly into a World-Wide 
Web page (not shoWn) displayed via the user interface. 

[0060] The broadcast control computer 61 veri?es the 
payment information and sends a key to the personal com 
puter 11 via the internet 60 after the payment information is 
veri?ed. Alternately, the personal computer 11 and broadcast 
control computer may communicate directly (Without going 
through the internet) via modem or local area netWork 
(LAN), for example. 
[0061] The personal computer 11 transmits the received 
key to the USB codec 48 via the digital communications link 
12. The DSP inside the USB codec 48 may then use the 
received key to decode the received broadcast signals. Any 
encryption algorithm that makes use of a key may be used. 

[0062] The data portion of the broadcast signal may be 
encoded, the audio portion may be encoded, or both may be 
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encoded. The encryption algorithm must decode the signal 
and then the DSP 49 inside the USB codec 48 must extract 
the audio and data portions of the signal. The DSP 49 must 
demodulate the analog audio portion and pass the demodu 
lated signal through the digital-to-analog converter 53 
before it is passed to the ampli?er circuit 8, or alternatively, 
to a sound card 19 (shoWn in FIG. 2) Within the personal 
computer 11 via the analog link 22 (shoWn in FIG. 2). The 
digital or the data portion of the decoded signal is passed to 
the personal computer 11 via the digital communications 
link 12 for processing or storage. 

[0063] Alternatively, after receiving payment information, 
the broadcaster (not shoWn) may send a key to the personal 
computer via the data portion of a broadcast signal such as 
IBOC or Eureka-147. If the user (not shoWn) does not have 
access to an external data connection (such as the internet), 
this option alloWs the user to purchase a key via the 
telephone or mail and then receive the key via the broadcast 
signal. In this case, the USB codec 48 extracts the data 
portion of the received broadcast signal. The key is in the 
data portion of the broadcast signal. Either the DSP 49 or the 
USB microcontroller 50 must check the ID accompanying 
the key (also sent via the data portion of the broadcast 
signal). If the ID matches the ID of the receiver (stored in a 
register or memory) associated With the USB codec 48, the 
USB codec 48 sends a control signal to the personal com 
puter 11 via the digital communications link 12. This control 
signal activates the user interface (not shoWn) of the per 
sonal computer 11 and alloWs the user (not shoWn) to control 
the broadcast receiver (change the turning frequency, store 
received data, etc.). 

[0064] FIG. 2 shoWs hoW a standard personal computer 
sound card 19 can be connected to the ampli?er circuit 8 via 
an analog interface 29 to alloW the multimedia speaker 
system With broadcast receiver 1 to not only output received 
broadcast signals, but also to output audio signals generated 
by or stored in the personal computer 11. While FIGS. 1, 3, 
4, 5, 6 and 7 do not shoW a sound card, a personal computer 
sound card may be used With any of the embodiments and 
variations described herein by connecting the sound card to 
the ampli?er circuit 8 With an analog interface 29 as shoWn 
in FIG. 2. 

[0065] Apreferred embodiment of the present invention is 
described herein. It is to be understood, of course, that 
changes and modi?cations may be made in the above 
described embodiments Without departing from the true 
scope and spirit of the present invention as de?ned by the 
appended claims. 

We claim: 

1. A computer peripheral system comprising: 

a personal computer comprising: 

a microprocessor; and 

a personal computer digital control interface connected 
to said microprocessor; and 

a computer peripheral located remotely from said per 
sonal computer, said computer peripheral comprising: 

a housing; 
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a peripheral digital communications interface con 
nected to said personal computer digital control 
interface via a digital communications link; 

a broadcast receiver circuit inside said housing; 

an antenna connected to said broadcast receiver circuit; 
and 

a peripheral microcontroller inside said housing con 
nected to said peripheral digital communications 
interface, said peripheral microcontroller sending 
control signals to said broadcast receiver circuit to 
control said broadcast receiver circuit in response to 
control data received by said peripheral digital com 
munications interface. 

2. The computer peripheral system of claim 1, Wherein 
said peripheral digital communications interface is a Wire 
less communications interface. 

3. The computer peripheral system of claim 1, Wherein 
said peripheral digital communications interface is a serial 
data interface. 

4. The computer peripheral system of claim 3, Wherein 
said serial data interface is a Universal Serial Bus interface. 

5. The computer peripheral system of claim 3, Wherein 
said serial interface is an IEEE-1394 compliant interface. 

6. The computer peripheral system of claim 1, further 
comprising at least one speaker connected said computer 
peripheral. 

7. The computer peripheral system of claim 6, further 
comprising an audio ampli?er circuit located inside said 
housing and connected to said speaker. 

8. The computer peripheral system of claim 1, Wherein 
said personal computer further comprises a data source 
connected to said microprocessor, said data source compris 
ing broadcast programming information, and Wherein said 
microprocessor communicates at least a portion of said 
broadcast programming information via said digital com 
munications link to said peripheral microcontroller as said 
control data. 

9. The computer peripheral system of claim 1, Wherein 
said personal computer further comprises a display and a 
user interface presented on said display, said microprocessor 
being responsive to data collected via said user interface and 
generating said control data in response to said data col 
lected via said user interface. 

10. A multimedia speaker system comprising: 

a housing; 

a broadcast receiver circuit inside said housing; 

an ampli?er circuit connected to said broadcast receiver 
circuit; 

a microcontroller connected to said broadcast receiver 
circuit; and 

a digital communications interface connected to said 
microcontroller for tWo-Way communications With a 
personal computer remote from said multimedia 
speaker system. 

11. The computer peripheral system of claim 1, Wherein 
said computer peripheral further comprises an analog buffer 
connected to said broadcast receiver. 

12. The computer peripheral system of claim 1, Wherein 
said computer peripheral further comprises an analog-to 
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digital converter connected to a buffer memory, said buffer 
memory storing audio signal samples. 

13. The computer peripheral system of claim 12, Wherein 
said control data comprises an instruction to said peripheral 
microcontroller to store audio signal samples generated by 
said analog-to-digital converter in said buffer memory. 

14. The computer peripheral system of claim 13, Wherein 
said control data comprises an instruction to the peripheral 
microcontroller to transfer at least a portion of the audio 
signal samples stored in said buffer memory through the 
peripheral digital communications interface. 

15. The computer peripheral system of claim 1, Wherein 
said computer peripheral further comprises a plug-in slot. 

16. The computer peripheral system of claim 15, Wherein 
said broadcast receiver chip is mounted on a removable 
broadcast receiver card comprising a connector that mates 
With the plug-in slot. 

17. The computer peripheral system of claim 1, Wherein 
said computer peripheral further comprises a card slot for 
audio media storage. 

18. The computer peripheral system of claim 17, Wherein 
said card slot for audio media storage is an audio cassette 
unit. 

19. The computer peripheral system of claim 17, Wherein 
said card slot for audio media storage is a minidisk unit. 

20. The computer peripheral system of claim 17, Wherein 
said card slot for audio media storage is a ?ash RAM card. 

21. The computer peripheral system of claim 1, Wherein 
said housing is the enclosure of a personal computer speaker. 

22. The computer peripheral system of claim 1, Wherein 
said housing is the enclosure of a personal computer key 
board. 

23. The computer peripheral of claim 1, Wherein said 
housing is the enclosure of a personal computer pointing 
device. 

24. The computer peripheral system of claim 1, Wherein 
said housing is the enclosure of a personal computer moni 
tor. 

25. The computer peripheral system of claim 21, Wherein 
said antenna is located completely Within the enclosure of 
said personal computer speaker. 

26. The computer peripheral system of claim 21, Wherein 
said antenna comprises at least one physical conductor 
Which connects said peripheral digital communications 
interface to said personal computer digital control interface. 

27. A method of controlling a multimedia speaker system 
that includes a broadcast receiver Within said multimedia 
speaker system, the method comprising the steps of: 

transmitting, from a personal computer, control data over 
a digital communications link; 

receiving said control data at said multimedia speaker 
system, said multimedia speaker system being remote 
from said personal computer; 

interpreting the programming information at said multi 
media speaker system and producing broadcast 
receiver control signals in response; 

receiving at said multimedia speaker system, in response 
to said broadcast receiver control signals, broadcast 
transmissions on an antenna; 
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28. The method of claim 27, further comprising the steps 
of: 

transmitting, from the personal computer, control data 
including an instruction to store audio signal samples in 
an audio buffer memory samples associated With said 
broadcast transmissions, and storing said audio signals 
samples in said audio buffer memory. 

29. The computer peripheral system of claim 1 or 10, 
Wherein said broadcast receiver circuit receives broadcast 
signals in the VHF band. 

30. The computer peripheral system of claim 1 or 10, 
Wherein said broadcast receiver circuit receives broadcast 
signals in the FM band. 

31. The computer peripheral system of claim 1 or 10, 
Wherein said broadcast receiver circuit receives broadcast 
signals in the AM band. 

32. The computer peripheral system of claim 1 or 10, 
Wherein said broadcast receiver circuit receives broadcast 
signals in the L band. 

33. The computer peripheral system of claim 1 or 10, 
Wherein said broadcast receiver circuit receives broadcast 
signals in the S band. 

34. The computer peripheral system of claim 1 or 10, 
Wherein said broadcast receiver circuit receives IBOC 
broadcast signals. 

35. The method of controlling a multimedia speaker 
system of claim 27, Wherein said broadcast transmissions 
are in the FM band. 

36. The method of controlling a multimedia speaker 
system of claim 27, Wherein said broadcast transmissions 
are in the AM band. 

37. The method of controlling a multimedia speaker 
system of claim 27, Wherein said broadcast transmissions 
are in the L band. 

38. The method of controlling a multimedia speaker 
system of claim 27, Wherein said broadcast transmissions 
are in the S band. 

39. The method of controlling a multimedia speaker 
system of claim 27, Wherein said broadcast transmissions 
are IBOC transmissions. 

40. The method of controlling a multimedia speaker 
system of claim 27, Wherein said broadcast transmissions 
are in the VHF band. 

41. A computer peripheral system comprising: 

a personal computer comprising: 

a microprocessor; and 

a personal computer digital control interface connected 
to said microprocessor; and 

a computer peripheral located remotely from said per 
sonal computer, said computer peripheral comprising: 

a housing; 

a hybrid chip comprising: 

a peripheral digital communications interface con 
nected to said personal computer digital control 
interface via a digital communications link; 

a broadcast receiver; and 

a peripheral microcontroller connected to said 
peripheral digital communications interface, said 
peripheral microcontroller sending control signals 
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to said broadcast receiver to control said broadcast 
receiver in response to control data received by 
said peripheral digital communications interface; 
and 

an antenna connected to said broadcast receiver. 
42. The computer peripheral system of claim 41, Wherein 

said broadcast receiver receives broadcast signals in the 
VHF band. 

43. The computer peripheral system of claim 41, Wherein 
said broadcast receiver receives broadcast signals in the FM 
band. 

44. The computer peripheral system of claim 41, Wherein 
said broadcast receiver receives broadcast signals in the AM 
band. 

45. The computer peripheral system of claim 41, Wherein 
said broadcast receiver receives broadcast signals in the L 
band. 

46. The computer peripheral system of claim 41, Wherein 
said broadcast receiver receives broadcast signals in the S 
band. 

47. The computer peripheral system of claim 41, Wherein 
said broadcast receiver circuit receives broadcast signals in 
the IBOC band. 

48. A computer peripheral system comprising: 

a housing; and 

a hybrid digital broadcast receiver inside said housing 
comprising: 
an RF ?ltering circuit; and 

a codec comprising: 

a microcontroller; 
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a digital signal processor connected to said micro 
controller; 

a digital communications interface connected to said 
microcontroller; and 

an analog-to-digital converter connected to said digi 
tal signal processor. 

49. The computer peripheral system of claim 41 or 48 
Wherein said housing is the enclosure of a personal computer 
speaker. 

50. The computer peripheral system of claim 48 Wherein 
said codec is a single integrated circuit. 

51. The computer peripheral system of claim 48 Wherein 
said codec and said RF ?ltering circuit are both located 
Within a single integrated circuit 

52. The computer peripheral system of claim 49 further 
comprising a demodulator Where said demodulator is con 
nected to said RF ?ltering circuit. 

53. The computer peripheral system of 48 Wherein said 
codec performs decoding of the broadcast signal using a key. 

54. The computer peripheral system of claim 48 further 
comprising: 

a personal computer; and 

a user interface on said personal computer, Where said 
user interface has increased functionality after receiv 
ing a key from said computer peripheral via said digital 
control interface. 

55. The computer peripheral system of claim 54 Where 
said codec extracts said key from the received broadcast 
signal. 


