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(57) A method for receiving information includes the
steps of providing a search criteria, monitoring two or
more digital radio signals for the search criteria, and per-
forming an action in response to a found search criteria.
The search criteria may be a transmission such as a
song title, an artist's name, a product, a program, and
combinations thereof.



EP 1 137 209 A2

2

5

10

15

20

25

30

35

40

45

50

55

Description

Field of the Invention

[0001] The present invention relates to digital radio.

Description of Related Art

[0002] There are various methods in place and in de-
velopment for radio broadcasts around the world today.
The most common standards are analog Frequency
Modulation (FM) and Amplitude Modulation (AM), which
are used world-wide. Even looking back at traditional
FM and AM, however, variations in the spectrum used
for transmission are evident.
[0003] Various regions of the world, however, are de-
veloping new standards for transmitting and receiving
digital information, rather than the traditional analog in-
formation. In Europe, Digital Audio Broadcast (DAB) is
accomplished by the Eureka-147 system. In the United
States of America, a method known as In-Band On-
Channel (IBOC) is under development to transmit and
receive digital information over the existing FM spec-
trum. In addition to IBOC, satellite based broadcasts are
in development. In Japan, ISDB-T is under development
as a standard.

SUMMARY OF THE INVENTION

[0004] In one embodiment, the invention provides a
method for receiving information. The method compris-
es the steps of providing a search criteria, monitoring
two or more digital radio signals for the search criteria,
and performing an action in response to a found search
criteria. The search criteria may be a transmission se-
lected from a group consisting of at least one song title,
at least one artist's name, at least one product, at least
one program, and combinations thereof.
[0005] In another embodiment, the invention provides
a method for verifying a credit card or check. The meth-
od comprises the steps of receiving a digital radio trans-
mission comprising a list of at least one of bad credit
cards and bad checking accounts; storing the list; com-
paring at least one of a presented credit card and a pre-
sented check to the stored list; and providing an output
indicating results of the comparison.
[0006] In still another embodiment of the invention,
the invention provides a system for recording digital ra-
dio. The system comprises a receiver for receiving a first
digital radio signal, a processor for processing the first
digital radio signal, an input device for entering user
preferences, a memory for storing the user preferences,
and an output. The processor compares the first digital
radio signal to the user preferences to determine wheth-
er to amplify the first digital radio signal.
[0007] In yet another embodiment, the invention pro-
vides a method for digital radio recording. The method
comprises the steps of storing a user preference, receiv-

ing a first digital radio signal, comparing the user pref-
erence to the first digital radio signal to determine wheth-
er to amplify the first digital radio signal, and amplifying
the first digital radio signal responsive to a positive de-
termination.
[0008] In a further embodiment, the invention pro-
vides a system for low power digital radio transmission.
The system comprises a low power digital radio trans-
mitter for transmitting a digital radio signal, a digital radio
receiver for receiving the digital radio signal, and a proc-
essor for processing the digital radio signal.
[0009] In still a further embodiment, the invention pro-
vides a system for global positioning. The system com-
prises at least three digital radio transmission stations,
each digital radio transmitters transmitting a digital sig-
nal comprising a location identification and a timestamp;
a digital radio receiver for receiving the digital radio sig-
nals; and a processor for processing the digital radio sig-
nals and determining a global position of the digital radio
receiver.
[0010] In yet a further embodiment, the invention pro-
vides an animated toy. The toy comprises a figure (e.g.,
an animal or human doll or a car or truck), a digital radio
receiver in the figure; and an output device selected
from the group consisting of motors for moving a part of
the figure and speakers. The digital radio receiver re-
ceives digital radio signals, and the digital radio signals
comprising instructions.
[0011] In still yet a further embodiment, the invention
provides a speaker system. The system comprises a
transmitter for transmitting at least one digital radio sig-
nal, and at least one speaker. The speaker comprises
a digital radio receiver.
[0012] In an additional embodiment, the invention
provides a system for controlling public utility use. The
system comprises a transmitter for transmitting a digital
radio signal and a device conducting the public utility
product (e.g., water, natural gas, or electricity) to a con-
sumer's residence or place of business. The device
comprises a digital radio receiver. The digital radio re-
ceiver receives the digital radio signal and controls the
use of the public utility product in response to the digital
radio signal.
[0013] In still an additional embodiment, the invention
provides a method of transmitting digital data. The meth-
od comprises the steps of transmitting an executable
file; and transmitting a data file executed by the execut-
able file.
[0014] In yet an additional embodiment, the invention
provides a method for receiving digital data. The method
comprises the steps of receiving a digital radio broad-
cast, in which the digital radio broadcast comprises an
executable file and a data file; separating the executable
file from the data file; loading the executable file on a
processor; and playing the data file. This method may
further comprise the step of storing the executable file
in a memory.
[0015] In still yet an additional embodiment, the inven-
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tion provides a method of playing digital data. The meth-
od comprises the steps of receiving a digital radio broad-
cast, in which the digital radio broadcast comprises a
datafile; determining a file type of the data file; determin-
ing whether an executable file that is necessary to play
the data file is stored in a memory; downloading the ex-
ecutable file in response to a determination that the ex-
ecutable file is not present in the memory; loading the
executable file on a processor; and playing the data file.
[0016] Other objects, features, and advantages will
be apparent to persons skilled in the art by the following
detailed description and the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The present invention may be more readily un-
derstood with reference to the following drawings in
which:

Fig. 1 is a schematic of a digital radio system ac-
cording to one embodiment of the present inven-
tion;
Fig. 2 is a flowchart of a method for receiving infor-
mation according to an embodiment of the present
invention.;
Figs. 3a and 3b are flowcharts of methods for re-
ceiving information according to further embodi-
ments of the present invention;
Fig. 4 depicts a system for a recording digital audio
according to an embodiment of the present inven-
tion;
Fig. 5 is a flowchart for recording digital audio ac-
cording to another embodiment of the present in-
vention;
Fig. 6 depicts a system for delivery planning accord-
ing to an embodiment of the present invention;
Fig. 7 depicts a system for canceling or enhancing
subwoofer noise according to an embodiment of the
present invention;
Fig. 8 is a flowchart for setting digital radio prefer-
ences;
Fig. 9 depicts a system for digital radio paging ac-
cording to an embodiment of the present invention
Fig. 10 depicts a low power transmitter according
to an embodiment of the present invention;
Fig. 11 depicts a system for low power transmitting
for use with emergency vehicles according to an
embodiment of the present invention;
Fig. 12 is a flowchart for a programmable platform
according to an embodiment of the present inven-
tion.;
Fig. 13 depicts a schematic of a neighborhood dig-
ital radio broadcast system according to an embod-
iment of the present invention;
Fig. 14 depicts a system for encryption in digital ra-
dio according to an embodiment of the present in-
vention;
Fig. 15 depicts a system for receiving preference

programmable advertisements according to an em-
bodiment of the present invention;
Figs. 16a and 16b depict a system for providing a
wideband pipe according to embodiments of the
present invention;
Fig. 17 depicts a schematic of a residential gateway
according to an embodiment of the present inven-
tion;
Fig. 18 depicts a system for entertainment accord-
ing to an embodiment of the present invention;
Fig. 19 depicts a system for global positioning ac-
cording to an embodiment of the present invention;
Fig. 20 depicts a schematic of a system for utility
control according to an embodiment of the present
invention;
Fig. 21 depicts a system for digital radio receivers
according to an embodiment of the present inven-
tion;
Fig. 22 depicts a system for digital radio receivers
according to an embodiment of the present inven-
tion;
Fig. 23 depicts an application for localized low pow-
er transmission according to an embodiment of the
present invention;
Fig. 24 depicts a low power transmission, highway
information system according to an embodiment of
the present invention;
Fig. 25 depicts a system for providing museum in-
formation according to an embodiment of the
present invention;
Fig. 26 depicts a system for vehicle to vehicle com-
munication according to an embodiment of the
present invention;
Figs. 27a and 27b depict protocol packet forms ac-
cording to embodiments of the present invention;
Fig. 28 depicts a transmitter architecture according
to an embodiment of the present invention;
Fig. 29 depicts a receiver architecture according to
an embodiment of the present invention;
Fig. 30 depicts a layered protocol model according
to an embodiment of the present invention;
Fig. 31 depicts a receiver architecture according to
an embodiment of the present invention; and
Fig. 32 depicts a receiver configuration for receiving
and processing various formats of digital and ana-
log radio broadcast.

DESCRIPTION OF PREFERRED EMBODIMENTS

[0018] Embodiments of the present invention and
their technical advantages may be better understood by
referring to Fig. 1. The system of Fig. 1 includes trans-
mitter 100, which broadcasts a digital radio signal. The
digital radio signal may be broadcast to vehicles, includ-
ing delivery trucks 102 and automobiles 104. Delivery
trucks 102 and automobiles 104 may use the digital ra-
dio signal to assist in delivery planning, to receive
weather and traffic updates for on-vehicle programma-
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ble devices, to receive recall notices regarding the ve-
hicle, to receive software updates, to send and/or re-
ceive pages, to provide a personal computer terminal in
the vehicle or for combinations thereof.
[0019] The digital radio signal also may be broadcast
to buildings, such as store 106 and home 108. The dig-
ital radio signal may be used to broadcast information
regarding "bad" credit cards or checking accounts to
merchants; to provide information regarding home ap-
pliances, such as recall notices or software updates; to
provide a "feature phone" which provides the ability to
put a person on hold with music broadcast by the digital
signal; and to provide a jukebox with a source of digital
music.
[0020] The digital signal also may be broadcast to in-
dividuals 110, who use accessories. These accessories
may include cellular phones, digital cameras, watches,
personal data appliances (e.g., Palm Pilot™ devices,
manufactured by Palm, Inc.), and the like. Digital radio
may enhance these accessories. For example, the dig-
ital radio broadcast may include a description of a pop-
ular picture taking spot, and may be stored along with
an image taken with a digital still camera. Further, digital
radio may be used to transmit a signal akin to the atomic
clock to watches, providing accurate timekeeping.
[0021] Referring to Fig. 2, a method for receiving in-
formation is provided. In step 202, search criteria is pro-
vided. This may include information, such as a model
number for a recalled device, such as an appliance or
an automobile; a manufacturing date for the device; a
serial number for the device; and the like. It also may
include a location and an orientation for a person or a
vehicle. Further, it may include musical preferences, in-
cluding a user's favorite artist(s); a user's favorite radio
programs; a user's favorite products; or a type of product
for which a user wishes to hear advertisements. Other
search criteria are within the scope and spirit of this in-
vention.
[0022] In step 204, at least one digital radio signal is
monitored for the search criteria. In an embodiment, a
separate receiver may be provided solely to scan at
least one digital radio frequency for information that
matches the search criteria. It is within the scope and
spirit of the present invention that a separate digital ra-
dio channel may be established to provide information
for appliances. Further, it also is within the scope and
spirit of the present invention that companies may es-
tablish their own digital radio station to provide informa-
tion regarding that company's products.
[0023] The digital radio broadcast that is provided
may be a low power transmission. This may be the
equivalent of the low power FM transmission service au-
thorized by the Federal Communication Commission
(FCC). Thus, in an embodiment of the present invention,
multiple low power transmitters may be used to provide
multiple digital radio signals.
[0024] In step 206, a determination is made as to
whether the identified search criteria is found in the dig-

ital radio signal. For example, if the search criteria in-
cludes a model number for a refrigerator, a match is
found when the model number is broadcast over digital
radio. If the search criteria are not met, however, the
system continues to monitor the digital radio.
[0025] In step 208, if a match is found, the system
takes an action. In an embodiment, this action may in-
clude notifying a user of the match. In other embodi-
ments, the action may include updating the software of
an automobile, an appliance, or a device; switching the
station being amplified to the station playing the pre-
ferred song, program, or commercial; and recording the
preferred song, program, or commercial for later retriev-
al by a user;
[0026] Referring to Figs. 3a and 3b, flowcharts of a
method for receiving information are provided. Fig. 3a
relates to recall or maintenance information, while Fig.
3b relates to safety information or software updates for
products. In Fig. 3a, in step 302, information identifying
a specific automobile is entered. This information may
include the automobile vehicle identification number
(VIN), make, model, year, and the like. Alternatively, this
information may be pre-programmed in the system
when the vehicle is delivered from the manufacturer.
Such information also may be obtained by linking a new-
ly installed digital radio to a vehicles on-board computer.
[0027] In step 304, digital radio broadcasts are mon-
itored for recall information matching the specific auto-
mobile information. If there is a match, in step 306, the
owner or operator of the automobile may be notified by
suitable means, such as a light on the console; a sound,
including synthesized voice; a text message; or the like;
or combinations thereof. In another embodiment, a
maintenance organization, such as an vehicle dealer or
service center, may send maintenance coupons to a ve-
hicle owner or operator for use during a future visit, such
as sending a coupon every three months for a discount-
ed oil change.
[0028] In another embodiment, the automobile may
be equipped with a transmitting device, such as a low
power analog or digital radio transmitter, that allows it
to transmit vehicle information, such as diagnostic infor-
mation to a local receiver. This vehicle information then
may be transmitted to a maintenance organization,
where a vehicle's operating condition may be deter-
mined remotely. In addition, the vehicle may send a sig-
nal indicating vehicle mileage, so that necessary or rou-
tine maintenance may be scheduled.
[0029] Referring now to Fig. 3b, in step 350, product
information about a product, including, inter alia, an ap-
pliance or an automobile is entered. The product infor-
mation may be preloaded on the system when it is pro-
vided from the manufacturer. In another embodiment,
the product information may be entered by a keyboard,
a touch pad, a bar code scanner, or another suitable in-
put device.
[0030] In step 352, the system scans the digital radio
broadcasts for safety notices and product software up-
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dates. If the product information matches, in step 354,
the user may be notified of the safety notice or software
update. In step 356, if a software update is to be in-
stalled, in step 358, the update may be downloaded to
the automobile or appliance in the form of signal encod-
ed in the digital radio broadcast and installed to the prod-
uct.
[0031] In another embodiment, step 354 may occur
after step 356. In addition, step 354 also may occur in
response to the results from decision box 356 and the
return after step 358.
[0032] In another embodiment, a separate monitoring
device may be provided for monitoring information for
one or more appliances, automobiles, or devices.
Therefore, a single radio receiver may be provided to
monitor for safety notices or software updates for sev-
eral devices, and may function to inform the user of any
safety notices or software updates to the user's prod-
ucts. Such a radio receiver also may be equipped with
a memory for storing such software upgrades, so that
they may later be downloaded to the appropriate device.
[0033] Referring to Fig. 4, a system for a recording
digital audio is provided. In the figure, two broadcasters
are depicted. It should be recognized, however, that
many different broadcasters may be provided. First
broadcaster 402 and second broadcaster 404 broad-
cast channel 1 and channel 2, respectively. Digital audio
receiver 406 includes audio output 408 and memory
410. A user may program digital audio receiver 406 with
his or her favorite or desired radio broadcast triggers,
including favorite songs, favorite artists, favorite radio
programs, favorite style(s) or music, or favorite adver-
tisements, or combinations thereof. In a further embod-
iment, a user may program receiver 406 t monitor a de-
fault station.
[0034] Digital audio receiver 406 may have the capa-
bility of monitoring more than one station simultaneous-
ly. Referring again to Fig. 4, digital audio receiver 406
may first be tuned to listen to channel 1. When a favorite
radio broadcast trigger is played on channel 2, digital
audio receiver 406 takes an action. This action may in-
clude providing an alert to a user, which may be a visual
or an audio alert; recording the favorite radio program;
or automatically switching receiver 406 to listen to chan-
nel 2.
[0035] In another embodiment, if a user is listening to
a favorite radio program, and another favorite radio or
desired broadcast trigger is found on another channel,
the system may record the triggered broadcast on the
other channel for future playback. In still another em-
bodiment, when a favorite radio program is missed, the
user preferences may be updated, so that favorite radio
program is acquired at the earliest possible time.
[0036] Additional programming logic for digital audio
receiver 406 may be available. This logic may provide
the ability to actively "learn" a user's favorite song, art-
ists, programs, music styles, or advertisements by mon-
itoring the programming manually selected by the user

to. In another embodiment, digital audio receiver 406
may rank a user's preferences, and determine whether
a discovered or located preference, e.g., the favorite
song, artist, program, styles, or advertisement, on the
other channel is of a higher priority than the favorite
song, artist, program, styles, or advertisement on the
current channel. Therefore, the user may be presented
with the user's "most" favorite song, artist, program,
styles, or advertisement.
[0037] In another embodiment, a user may have the
ability to store information about a song, program, or ad-
vertisement stored in a memory for future referral. This
information may be stored in a purely textual format, but
may provide the user with information such as the song's
title, artist, recording date, or information for purchasing
the song, or product information, such as the name of
the product in the advertisement, pricing, and retailer
locations.
[0038] Referring to Fig. 5, a flowchart for digital audio
recording is provided. When music is received through
radio 502, it is compared to music list 504 to determine
if the user has indicated a desire to obtain that music. If
the music is desired, radio 502 than may determine if
the music has already been saved in database 514. If
the music has not been saved already, the music is
saved in database 516. If the music is not included on
music list 504, the user may be questioned as to whether
the music playing is a desired piece of music 512. If it is
desired, music list is updated in step 506 and saved in
database 516. In all cases, the music is played over the
radio.
[0039] Alternatively, music list 504 may be updated
manually 502. It can be updated to reflect the changing
tastes of the user by such options as the style of music,
the group, the title of the song, or some other attribute.
[0040] Referring to Fig. 6, a system for delivery plan-
ning is provided. Dispatch 602 serves as the operator
for a plurality of delivery vehicles, such as delivery trucks
610 and 612. Dispatch may be provided with the loca-
tions of its delivery vehicles, which may be determined
by Global Positioning System (GPS) 608, by radio trian-
gulation, or by driver's reports. This information may be
sent automatically by a transmitter on the delivery vehi-
cle, or it may be sent manually.
[0041] For example, dispatch 602 may receive infor-
mation regarding traffic patterns. This information may
be received from digital radio station 604, or the infor-
mation may be received from other sources. Dispatch
602 then determines a route for delivery that minimizes
a particular variable. This variable may include delivery
time, driving time, mileage, highway miles, city miles, or
it may conform to the operator's start and stopping
points. The use of other variables are within the scope
and spirit of this invention.
[0042] Once dispatch 602 determines the delivery
route, it may provide radio station 604 with the route in-
formation. Radio station 604 may transmit the route in-
formation over antenna 606 to delivery vehicles 610 and
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612. The route information may be in the form of a map
or a textual description, or both. Further, traffic informa-
tion or weather information, or both, may be provided.
In addition, dispatch 602 may be able to provide real-
time directions to delivery vehicles 610 and 612 using
GPS 608.
[0043] Referring to Fig. 7, a system for canceling or
providing subwoofer noise is provided. In system 700,
first vehicle 702 is amplifying channel 1, which has, for
example, a loud subwoofer channel, from broadcaster
706. Second vehicle 704 does not wish to hear or feel
the subwoofer of first vehicle 704. Second vehicle 704,
which is equipped with a low power transmitter, which
reverses the phase of the subwoofer channel of channel
1, which results in the subwoofer noise from first vehicle
702 being locally canceled. As is apparent form the de-
scription above, in another embodiment of the present
invention, a channel may be provided with independent
subwoofer data in the digital radio signal from the broad-
caster.
[0044] Referring to Fig. 8, a flow chart for setting up
preferences for a radio is provided. The user may create
a database of preferences or passwords 804 by various
means 802. When a received radio broadcast 806
matches a broadcast identified in the database of pref-
erences 804, the radio plays the content. If broadcast
806 does not match, the radio searches for the next ra-
dio station 814, taking advantage of the database of fa-
vorite radio stations 816. Once a new station is found,
the tuner is changed to the next station 812. At this point,
the process is repeated. Alternatively, the preference
data base may be updated based on the recorded his-
tory of the user's listening habits.
[0045] Referring to Fig. 9, a system for digital radio
paging is provided. A digital radio broadcaster 902
"stamps" a message with a pager identification code
(ID) and transmits the message. In an embodiment,
pages are multiplexed for efficiency. A plurality of pag-
ers, each with a unique pager ID, shown in the figure as
pager ID:1 904, pager ID:2 906, and pager ID:3 908, all
receive the broadcast from digital radio broadcaster
902. Only pager ID:2 906, however, displays the page.
The other pagers ignore the message.
[0046] In another embodiment, digital radio channels
may be dedicated to paging, so that receivers will rec-
ognize the channel on which their pages receive mes-
sages. In yet another embodiment, user preference
channels may be used for paging, so that the receiver
need not scan or switch tuning frequency to receive the
page. In still another embodiment, a wideband receiver
may be used to detect all pages on the spectrum.
[0047] Referring to Fig. 10, a low power transmitter
according to an embodiment of the present invention is
provided. Programming content 1002, which may in-
clude music, data, or video, or combinations thereof, is
provided for encoder 1004. Encoder 1004 encodes pro-
gramming content 1002 into an appropriate format, such
as AAC, MP3, ATRAC, Liquid Audio, or the like. Modu-

lator 1006 digitally modulates the encoded program-
ming content 1002, and passes it to RF front end 1008,
which then transmits the signal via antenna 1010.
[0048] Referring to Fig. 11, a system for low power
transmitting for use with emergency vehicles is provid-
ed. System 1100 includes emergency vehicle 1104,
such as a police vehicle, a fire truck, or an ambulance,
responding to an emergency. Emergency vehicle 1104
includes low power transmitter 1106 for alerting vehi-
cles, such as vehicle 1102, that such vehicles are in the
path of emergency vehicle 1104, and of the presence of
emergency vehicle 1100. Low power transmitter 1106
transmits digital radio signal 1108, which may be a siren
or a voice, e.g., "Please pull to the side of the road.
There is an emergency vehicle behind you."), text, or
similar means for communicating the presence of emer-
gency vehicle 1104. In one embodiment, a receiver in
vehicle 1102 receives the digital radio signal and turns
off any program that the driver was listening to in order
to amplify digital radio signal 1108. In another embodi-
ment, the receiver in vehicle 1102 may simply mute itself
until emergency vehicle 1104 passes. In yet another em-
bodiment, the receiver in vehicle 1102 may "turn on"
when it receives digital radio signal 1108 in order to am-
plify it for the driver.
[0049] Referring to Fig. 12, a flowchart for a program-
mable platform is provided. In step 1202, a receiver re-
ceives radio broadcast data. This radio broadcast data
may include, inter alia, an executable code (such as a
decoder signal) and data. In step 1204, the executable
code is separated from the data. In step 1206, the re-
ceiver determines whether the executable code is a new
feature or not. For example, if a new decoding method
is used, and the receiver has never received a file in this
format, the decoding method or signal may be a new
feature, and, in step 1208, the executable code may be
loaded onto the processor. If the feature is not new, in
step 1210, the data is passed onto the processor, and
in step 1212, the data is executed or played. In another
embodiment, a "dumb" receiver may be provided. The
"dumb" receiver does not store any executable code, so
with every new transmission, the executable code must
be passed and loaded onto the processor before the da-
ta may be executed.
[0050] Referring to Fig. 13, a schematic of a neigh-
borhood digital radio broadcast system 1300 is provid-
ed. System 1300 includes at least one antenna 1306 for
neighborhood 1302. The signal strength of the digital ra-
dio signal determines the distance of transmission of the
digital radio signal. In addition, directional antennas may
be used to "shape" neighborhood 1302 to which the sig-
nal is broadcast. In Fig. 13, two additional neighbor-
hoods 1304 are shown, which are out of range of system
1300. Such low power digital radio transmissions may
include, without limitation, neighborhood information,
weather information, local events or activities (e.g., pa-
rades and marches), school closings, and other similar
information that may be relevant. Further, homes 1308
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may receive digital radio signal from antenna 1306. In
one embodiment, homes 1308 include a return path
1310 via telephone line, cable TV lines, internet access
lines, or the like, for providing uplink data.
[0051] In one embodiment, Internet service may be
provided by digital radio signal. A conventional phone
line may be used to provide the uplink to an internet
service provider, while the graphic intense data is pro-
vided by the digital radio. Such a configuration may
serve as a replacement Local Multipoint Distribution
Service (LMDS), which relies on a radio transmitter at
the home to send data and information back to main an-
tenna 1306. This method may enable feature phone or
internet services with local neighborhood information
broadcast content. This method also may personalize
individualized Internet access through time or frequency
division multiplexing of the broadcast signal.
[0052] In another embodiment, a feature phone may
be provided. The feature phone of the present invention
includes a digital radio receiver, and provides the ability
to allow the user to place a caller on hold to digital music.
In another embodiment, a speaker phone-type phone
may be used to amplify digital music received. In yet an-
other embodiment, the feature phone may receive pag-
es, digital messages, or other sorts of transmissions. In
another embodiment, full power digital radio signals
may be provided for several appliances. In an embodi-
ment, cellular phones may receive and amplify digital
music. In another embodiment, a synchronization signal
may be provided for watches, so that they may remain
accurate.
[0053] In a further embodiment, digital radio jukebox-
es may be provided. The digital radio jukebox may in-
clude a digital radio receiver that receives digital music
signals from a digital radio station. In an embodiment,
the jukebox may be updated periodically to receive and
store a new musical selection or program of selections.
For example, every month, the jukebox may receive an
updated music selection in order to provide variety or to
stay current with the latest popular music. The digital
radio jukebox may include a digital display to display the
songs stored in the memory of the digital radio jukebox.
In another embodiment, a jukebox may include an uplink
to a music source, so that the jukebox may request a
song from a very large catalog. New songs or requested
songs may be transmitted to the jukebox by digital radio
transmission. In still another embodiment, a catalog of
songs may be compressed and continuously transmit-
ted. When a song was requested at a particular jukebox,
the jukebox would search the broadcast signal for the
requested song, retrieve it, and play it at the particular
jukebox. As is discussed in greater detail below, be used
to transmit catalogues of different music styles, such as
jazz, country, rock, and classical. This would permit a
single jukebox to supply almost any song desired. Other
applications for the digital radio jukebox are within the
scope and spirit of the present invention.
[0054] Referring to Fig. 14, a system for encryption in

digital radio is provided. In the figure, system 1400 in-
cludes digital radio broadcaster 1402, which broadcasts
advertisements and voice (e.g., disc jockey) and com-
pressed audio (e.g., in MP3 format) on separate chan-
nels. Receiver 1404 receives the digital signal from
broadcaster 1404, and amplifies it via speaker 1406.
Speaker 1406 amplifies music, advertisements, and the
disc jockey. A display may be provided for displaying the
artist's name, song title, and any visual advertisements
from broadcaster 1402.
[0055] Receiver 1404 also may include memory 1408
for storing songs that are purchased. Receiver 1404
may include a secure back channel that allows a user
to transmit information to the broadcaster, such as a pur-
chase account number, credit card number, and the like,
to allow the user to record the song and store it in mem-
ory for future playback.
[0056] In one embodiment, the song may be saved in
its entirety without any advertisements or without the
disc jockey's voiceover. In another embodiment, the
song may be stored to disk storage, and then activated
(e.g., paid for) at a later date by transferring the data to
a personal computer and paying for the song.
[0057] Referring to Fig. 15, a system for preference
programmable advertisement receiving is provided.
System 1500 includes first broadcaster 1502 and sec-
ond broadcaster 1504, both of which broadcast digital
radio signals to receiver 1510. Nevertheless, many
more broadcasters may be provided. Only two are
shown in the figure for simplicity of depiction.
[0058] First broadcaster 1502 and second broadcast-
er 1504 each are provided with advertisements 1506,
which may be local or national advertisements. Adver-
tisements 1506 may be provided for broadcasters 1504
and 1506 by any suitable means.
[0059] Receiver 1510 may include at least one filter
1512 for filtering incoming advertisements. Memory
1516 may be used to store a user's advertisement pref-
erences (which may be entered by any suitable means,
including by keyboard, by touch pad, by user listening
history, or by a input device, such as a card reader, and
the like.), as well as to store advertisements for a user.
In one embodiment, memory 1516 also may store ad-
vertisements which a user does not want to immediately
receive. At least one filter 1512 filters incoming adver-
tisements 1506. Advertisements 1506 that pass through
at least one filter 1512 may be displayed for a user on
display 1514, amplified through a speaker (not shown),
or stored in memory 1516 for future reference.
[0060] Referring to Figs. 16a and 16b, a system for
providing a wideband pipe is provided. Fig. 16a repre-
sents a FM radio spectrum between about 88.0 MHz
and about 104.7 MHz. For example, station 1 exists at
88.0 MHz. Station 2 exists at 91.7 MHz through 92.5
MHz. Station 3 exists at 104.7. Sidebands are depicted
on the figure for each station. Assuming that each sta-
tion provides an analog channel and a digital signal with
a bit rate of 96 kBits/sec; station 2 may provide a signif-

11 12



EP 1 137 209 A2

8

5

10

15

20

25

30

35

40

45

50

55

icantly higher bit rate (i.e., 3 x 96 kBits/sec.). Thus, in
the figure, tuner 2 receives a signal having a higher bit
rate than tuner 1 or tuner 3.
[0061] Referring to Fig. 16b, in another embodiment,
a wide band tuner may be provided. Wide band tuner
may be able to receive a significantly larger signal. For
example, tuner 4 may be able to receive the entire FM
spectrum (from about 88 MHz to about 108 MHz), pro-
viding a very high bit rate.
[0062] Referring to Fig. 17, a schematic of a residen-
tial gateway is provided. Residential gateway 1700 in-
cludes data server 1702, which receives signals from
satellite receiver 1704; radio antenna 1706 (for receiv-
ing both analog AM and FM broadcasts, as well as dig-
ital radio); cable box/modem 1708 connected to cable
1710; phone box 1712, which may include a xDSL mo-
dem, connected to phone line 1714; and power box,
which may include a power line modem, connected to
power line 1718.
[0063] Residential gateway 1700 provides a user's
home with several portals for accessing and for receiv-
ing data. However, it is not necessary for all portals to
be provided in data server 1702.
[0064] Referring to Fig. 18, a system for entertain-
ment is provided. System 1800 includes digital radio sta-
tion 1802, which broadcasts a digital radio signal. Toy
1804, which may resemble any object, including stuffed
animals, humans, robots, vehicles, and the like, may be
provided with an antenna (not shown) for receiving the
digital radio signal from digital radio station 1802. Toy
1804 may include motors, speakers, and the like for re-
sponding physically or audibly, or both, to the digital ra-
dio signal. Contemplated actions include singing along
with a radio broadcast, moving body parts, interacting
with a radio or television program, and combination
thereof. In one embodiment, a plurality of toys 1804 may
receive one or more digital radio signals and may inter-
act with each other.
[0065] In yet another embodiment, a low power trans-
mitter may transmit low power digital radio signal to toy
1804. The digital signal may be included in a video tape,
a DVD, or on a television or radio program. In still an-
other embodiment, a small digital radio transmitter may
be used as a remote control device for remote control
toys, such as remote control cars, boats, planes, other
vehicles, animals, and the like.
[0066] Referring to Fig. 19, a system for global posi-
tioning is provided. System 1900 includes at least three
digital radio stations 1902, 1904, and 1906. Digital radio
stations 1902, 1904, and 1906 each provide a transmis-
sion that includes a time stamp. The transmissions also
may include location information for its respective sta-
tion. Vehicle 1910, which may be stationary, or may be
traveling, receives the at least three transmissions with
the time stamps. A processor (not shown) in vehicle
1910 processes the transmissions, and, by using the
time stamp, determines the location of the vehicle. Al-
though the figure is directed to the use of the present

invention with a vehicle, it should be recognized that this
technique may be used with other appliances as well,
including PDAs, watches, portable navigation devices,
and the like.
[0067] Referring to Fig. 20, a schematic of a system
for utility control is provided. In system 2000, utility serv-
ice 2002, which may be an electric company, a water
company, or any other suitable utility service may com-
municate with digital radio station 2004. Digital radio sta-
tion 2004 may be dedicated to utility service 2002, or it
may be independent.
[0068] Buildings 2006, which may be homes, office
buildings, and the like, may include appliances (not
shown) that are equipped with digital radio receiver (not
shown). Examples of such appliances include, but are
not limited to, air conditioning units, heat pumps, refrig-
erators, sprinkler systems, and water spigots. Digital ra-
dio station 2004 receives instruction information from
utility service 2002, such as reduce water usage, reduce
electricity usage, or usage of a similar public utility com-
modity. When an appliance receives the instruction, it
complies with it until further instructions are received, or
until a condition (e.g., a certain amount of time passes)
is achieved. Examples of such actions may include: an
electric utility service instructing air conditioning units to
shut off for ten (10) minutes every hour during peak us-
age, a water utility service regulating the times that au-
tomatic sprinklers may be turned on during water ration-
ing periods, and similar limitations on utility usage. In
addition, a utility company may better be able to control
electricity demand during a restart of service following
a blackout or brownout by regulating devices that im-
pose a heavy drain on electricity.
[0069] Referring to Figs. 21-22, systems for digital ra-
dio receivers/speakers are provided. Fig. 21 depicts
wireless speaker home theater system 2100 according
to one embodiment of the present invention. System
2100 includes a television 2102 and a digital radio trans-
mitter 2104. Digital radio transmitter 2104 transmits dig-
ital radio signals to speakers which include digital radio
receivers. Speakers may include center speaker 2106,
subwoofer 2108, left front speaker 2110, right front
speaker 2112, left rear speaker 2114, and right rear
speaker 2116. Digital radio transmitter 2104 may have
the capability of providing six (6) separate digital radio
frequencies for the six (6) separate channels (for exam-
ple, in Dolby Digital 5.1 format), such that center speak-
er 2106 receives f1, subwoofer 2108 receives f2, left
front speaker 2110 receives f3, right front speaker 2112
receives f4, left rear speaker 2114 receives f5, and right
rear speaker 2116 receives f6. In another embodiment,
transmitter 2104 may include conventional wire jacks for
speakers, such as center speaker 2106, which may be
located near transmitter 2104.
[0070] In another embodiment, each speaker may re-
ceive the same frequency digital radio signal and may
decode the signal to determine what part of the signal it
is to amplify. Thus, the digital radio signal received by
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each speaker includes the signal for all six speakers,
but the speaker only amplifies the signal for its location.
In still another embodiment, the speakers 2106-2116
may receive the signal from a remote transmitter (e.g.,
a broadcast tower) rather than from the local transmitter
unit 2104. Each speaker again decodes the complete
radio signal to determine the signal to amplify for its lo-
cation.
[0071] Referring to Fig. 22, a paging or intercom sys-
tem including digital radio is provided. System 2200 in-
cludes transmitter 2202, which has antenna 2204.
Transmitter 2202 may include an audio input device,
such as microphone 2206. Other input devices, such as
music sources (including CDs, tapes, and the like) may
also serve as audio inputs for transmitter 2202. Trans-
mitter 2202 transmits the audio signal to speakers 2208,
each of which includes digital radio receiver(s). Speak-
ers 2208 are tuned to the same frequency as transmitter
2202. In a further embodiment, system 2200 replaces
wires in a conventional paging or intercom system.
[0072] Referring to Figs. 23-26, an application of dig-
ital radio for low power transmission is provided. In the
figure, several low power transmitters 2302 are posi-
tioned throughout a city. All of the transmitters 2302 may
operate on the same frequency, but are of such a power
level that their signals do not substantially interfere with
each other. Specifically, the digital radio receiver may
be programmed only to "play" the signal from the strong-
est station. Alternatively, the digital radio may be pro-
grammed to "play" only those stations having an energy
level above a given threshold. Each transmitter 2302
may contain information about the block or area of the
city in which it is placed, such as restaurants, attractions,
detailed maps, sales, entertainment, or the like. This in-
formation may be received by many devices, including
receivers for amplifying the content for a user, a PDA,
or similar devices.
[0073] Referring to Fig. 24, a low power transmission
highway information system is provided. System 2400
includes a plurality of low power transmitters 2402 which
are located on the side of a highway. Each transmitter
2402 has a limited range because of its low power na-
ture. Each transmitter 2402 may transmit information,
such as advertisements, information on services avail-
able at upcoming exits, etc. As vehicle 2404 approaches
transmitter 2402, a digital radio signal is transmitted to
a receiver in vehicle 2404. The digital radio signal may
be amplified for the user through speakers, or it may be
displayed on a display device in vehicle 2404.
[0074] Transmitters 2402 may be provided at corners
to warn of intersections, may be located near exits on
highways, may be located in billboards along highways,
etc.
[0075] Referring to Fig. 25, a system for providing mu-
seum information is provided. In the figure, museum
2500 includes several low power transmitters 2502.
Each low power transmitter may be positioned near an
exhibit, and may transmit a digital radio signal describ-

ing the exhibit. Transmitters 2502 may have a limited
range, and, therefore, may operate on the same chan-
nel. A tourist may receive the digital radio signal on a
receiver, such as a PDA. Other receiving devices are
within the scope and spirit of the present invention. In
another embodiment, directional antennas also may be
used to change the shape (and, consequently, the di-
rectional range) of the broadcast of transmitters 2502.
[0076] Referring to Fig. 26, a system for vehicle to ve-
hicle communication is shown. In the figure, vehicles
2604, 2606, 2608, 2610, and 2612 are traveling on road
2602. Nevertheless, vehicles 2604, 2606, 2608, 2610,
and 2612 may be on different road, or may be stationary.
[0077] As shown in the figure, vehicles 2608 and 2610
are transmitting low power digital radio signals having a
range of 2614 and 2616, respectively. Radio signal 2616
from vehicle 2610 reaches vehicles 2608 and 2606, and
may be received by receivers 2620, 2622, 2624, 2626,
and 2628 in those vehicles. Radio signal 2614 from ve-
hicle 2608 only reaches receiver 2628 in vehicle 2610.
[0078] Referring to Figs. 27-31 a method and system
for the delivery of applications in digital radio according
to an embodiment of the present invention is provided.
As radio broadcast technology moves towards a digital
medium, the market is seeking to provide consumers
with low-cost, high performance receivers that are able
to decode the more complex digital signals that will be
broadcast by the radio stations. At a minimum, the en-
coding and decoding algorithms used to transmit vari-
ous types of data may be different, optimizing for per-
formance, or bandwidth depending on the type of digital
content being broadcast (i.e. music, graphics, speech,
or text). In order to manage the changeable encoding of
this data stream, new protocols are defined for both the
transmitter and receiver. Another feature that may be
incorporated is the reprogramming of the receiving de-
vice itself into different devices to accommodate the
type of data being received.
[0079] By enabling the transmitter and receiver to
both be programmable, the "Digital Radio" medium may
accommodate a wide range data types and end-use de-
vices. The receiving device may be a simple device that
may only recognize different encoding formats for music
data (MP3, AAC, and the like), graphic data (JPEG and
BMP), or encoded speech or text. In this case, the trans-
mitter merely sends a data packet consisting of a header
file with the encoding/encryption type (for the receiver
to use in decoding the data) and the encoded data itself.
The header portion of this packet also may include in-
formation for the number of songs/pictures that will be
transmitted using the sent encoding method. For exam-
ple, the header may inform the device that the next five
songs will be encoded with MP3, 128kbps format). This
simple packet is shown in Fig. 27a.
[0080] Alternatively, the receiver may be a more com-
plicated device, capable of reconfiguring itself depend-
ing on the application broadcast by the transmitter. This
would allow the device to be, for example, initially, a cell-
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phone; subsequently, a radio; and, still later, a GPS
mapping device. The reconfiguration of the device may
be implemented via JavaScript (or other programming
languages) running on the receiver to emulate different
end equipment. The protocol required for this instrument
is more extensive and is shown in Fig. 27b. Both proto-
cols in Fig. 27a and Fig. 27b are standardized between
the transmitter and the receiver, with respect to the
number of bits in the header portion, number of bits in
data type portion, and the meaning of the various con-
figuration codes. These protocols require a method for
transmitting a frame of data, which includes instructions
(Java, C, C++, and the like), to the receiver to set its
initial configuration (cell-phone, radio, and the like), the
type of data to be transmitted, how the data is encoded,
and finally the data itself. A possible implementation of
the transmitter is shown in Fig. 28.
[0081] The receiver demodulates the transmitted
frame of data and examine the header packet to deter-
mine the device that the receiver should emulate. Sub-
sequently, the receiver will identify the data type and en-
coding, decode the data, check for authorization keys
(if appropriate) or a user identification code (if this is a
subscription service), and then play the song, display
the video, or the like. This reconfiguration may be im-
plemented via different programs stored in local or off-
chip memory, and may be initiated by the either the
transmitter or the receiver. The reconfiguration also may
be implemented in the receiver via a SIMM card or other
external storage device, with a different card for each
end product or service (e.g., cell-phone, web-surfing,
video, and the like).
[0082] Most receivers include two decoding paths,
with the second path used for antenna diversity (to im-
prove multipath performance) or for scanning broadcast
signals for data that matches the user's preferences.
Further, the receiver may recognize preferences input
via a SIMM card (or similar device) or into a local mem-
ory of the receiver. In this case, the receiver decodes
the frame of data and scans the data type field for infor-
mation on the type of data and appropriate tags of infor-
mation such as traffic, type of music, artist, song title,
and the like.
[0083] After demodulation, a receiver that does not
have a reconfiguration capability ignores the initial
header portion and only uses the data type and data por-
tions of the frame. The receiver also may be narrow-
band, wideband, or a combination thereof (e.g., narrow-
band for the reception/play side, and wideband for scan-
ning section). Possible receiver configurations are de-
picted in Fig. 29.
[0084] As the need for additional functionality increas-
es in devices that use the data transmission capabilities
that the digital radio medium offers, a more involved and
complete set of rules and protocols may be required in
order to define all levels of communications between the
transmitter and receiver. One way to approach this is to
use the seven-layered generic Open Systems Intercon-

nection (OSI) reference model. The OSI model is famil-
iar to persons skilled in the art and will not be described
here in detail. Nevertheless, the seven layers may be
summarized as:

1. Application Layer,
2. Presentation Layer,
3. Session Layer,
4. Transport Layer,
5. Network Layer,
6. Data Link Layer, and
7. Physical Layer.

[0085] Adapting such a model to the digital radio me-
dium demonstrates its benefits in improved programma-
bility and transparency whereby each layer may be re-
placed on both the receiver and transmitter, as technol-
ogy advances. Some of the obvious functions of the lay-
ers are summarized as follows. The Network layer con-
trols who is sending the data and who should receive it.
Thus, the Network layer is useful in subscription-based
custom services where only persons with authorized
keys are allowed to receive the transmissions. The
Transport layer may be used to multiplex several differ-
ent sources of data on to the transmission. The Data link
layer accommodates error detection and correction
functions on the channel. The Physical layer is the mod-
ulation mechanism itself. Referring to Fig. 30, a diagram
depicts this process. Each layer adds at the transmitter
(and strips at the receiver) header information or trailer
information, or both, to the data stream that it transmits
(or receives). The functionality of the layers is not limited
to adding headers and trailers, and the layers may work
with the data itself in the case of the interleaver which
requires the data to be rearranged in the Data link layer.
[0086] Security features also may be added in the ap-
plication protocol layer. This allows the device to incor-
porate features, such as SDMI security for material re-
corded from the radio to limit or prevent unauthorized
copying and distribution of the broadcast music. The se-
curity feature takes a serial number or other unique iden-
tifier from the radio hardware platform and incorporates
it as part of the software encryption during recording of
the broadcast. Recorded material then may only be
played in the original recording device and not re-dis-
tributed.
[0087] Referring to Fig. 31, hardware for a digital radio
receiver system according to an embodiment of the
present invention is depicted. By enabling the transmit-
ter and receiver to both be programmable, the "Digital
Radio" medium can accommodate a wide range data
types and end-use devices. The architecture for a digital
receiver system that would be used in this environment
is shown in Fig. 31. The device contains at least two RF
front ends. The at least two RF front ends may be used
with antenna diversity algorithms to improve multipath
performance. The second front end also allows the de-
vice to receive one channel for listening/display purpos-
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es while using the second RF front end (in combination
with scanning and comparing devices or algorithms) to
scan for preferred broadcast information or alerts and
notify the user. This feature also enables the user to lis-
ten to an audio broadcast from one station and view a
video or text display from another station. The device
also contains an input device for the user to specify pref-
erences - i.e., preferred music, particular ads, traffic re-
ports, artist, and the like. Moreover, this input device
may be a smart card, flash card, keypad, touch screen,
or voice input.
[0088] In addition, the system may included a loca-
tion/orientation based on GPS or triangulation of the ra-
dio signals to determine the radio's position. Inclusion
of a locating device, such as GPS, may be useful in au-
tomobiles to locate the position of the car and scan for
traffic or weather alerts in the path of the automobile.
The device also may contain an optional recording/stor-
age means, such as a compact flash card or hard disk,
to record music and other information for later playback.
The system also may contain a programmable proces-
sor. At a minimum, this processor may be used to tailor
the user interface to the individual. This processor also
may be used to implement the scanning and comparing
algorithms used to find particular broadcast information
of interest to the user. The programmable processor al-
so enables the receiver to be a more complicated de-
vice, capable of reconfiguring itself depending on the
application broadcast by the transmitter. This added
complexity allows the device to be, for example, initially,
a cell-phone; subsequently, a radio; and, still later, a
GPS mapping device the following minute. The recon-
figuration of the device may be implemented via Java-
Script (or other programming languages) running on the
receiver to emulate different end equipment. The pro-
grammable processor also may be used to verify author-
ization keys or user ID (if this is a subscription service).
[0089] According to another embodiment of the
present invention, a system and method for the trans-
parent upgrading of technology and applications in dig-
ital radio using programmable transmitters and receiv-
ers is provided. The main constraint involved in the de-
sign of next generation receivers is backward compati-
bility to existing transmitters. The static nature of exist-
ing transmitter designs limits the amount of upgrading
(or simplifying) that may be done to the receiver design
because the receiver must adhere to a system specifi-
cation that is highly dependent on the transmitter. Thus,
the use of a programmable transmitter allows drastic
changes to the overall architecture of the broadcast sys-
tem. After upgrading its transmitters, the broadcaster
then may either automatically upgrade the programma-
ble receivers as the changes are made or allow the up-
grade to be offered as a service feature. Therefore, the
added cost of upgrading to receiver users and broad-
casters is eliminated or reduced because upgrades that
are programmable in nature may be readily implement-
ed in both the receiver and the transmitter.

[0090] Upgrades to the transmitters may take one of
at least two forms. First, the upgrade may be to the sys-
tem (i.e., to the technology of digital radio itself). Sec-
ond, the upgrade may be a service provided by the
broadcaster as it incorporates new services to the digital
information that it transmits. The former case is a design
issue. Advances in algorithms, data encoding methods,
error correction techniques, and other technological ad-
vances will improve the system and enable system en-
hancements such as better multi-path performance,
higher data rates, lower noise, better audio quality, and
the like. The programmable nature of both the transmit-
ters and receivers may allow for a range of simple to
drastic changes to be made to the overall system. The
changes may be broadcast to the receivers that are al-
ready in service and incorporated to the ones that are
still in design.
[0091] With this capability, the effective lifetime of the
receivers and transmitters may increase, and users may
avoid the necessity of constantly upgrading obsolete
technology, up to an extent. Changes involving major
hardware improvements or changes still must be ad-
dressed. Nevertheless, all transmitters need not be up-
graded at the same time or with the same enhance-
ments. Moreover, not all transmitters must be originally
configured the same. For example, a broadcaster may
chose a method of data encoding and transmission
which enhances the data rate capabilities of the system,
while another service provider may emphasize the au-
dio quality at the expense of data rate transmissions.
The appropriate transmission standard may be down-
loaded to the programmable receiver at the start of de-
livery of the program/service (i.e., when the listener
tunes his or her dial to the radio station).
[0092] The second of the two upgrade issues involves
the services provided by the broadcasters to the users.
As new services are incorporated into the service spec-
trum of the service providers (broadcasters), the end us-
er may be enabled to directly download (or be upgraded
automatically) applications or features required to use
this service. The term service provider here is used in-
terchangeably with broadcaster because such solutions
to the radio broadcast system deficiencies will cause
broadcasters to play the role of a "service providers."
Such extra services may involve different software for
localized mapping programs, customized program serv-
ices for the individual (assuming some pre-registration
for service or return path back to the broadcast service
provider), and the like.
[0093] This programmable system has an inherent,
fixed physical layer portion that is the RF transmission
frequency, as dictated by the government standards for
the system. This programmable transmitter/receiver
system, however, allows the customization of service of-
ferings per radio station and also allows broadcasters
to select the preferred data encoding methods to meet
their needs. The system also allows easy upgrades to
both the transmitter and receiver sides of the system.
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[0094] Referring to Fig. 32, a schematic of a platform
for implementing a global, digital radio solution is pro-
vided. Current radio solutions consist of dedicated chips
to meet each radio solution. For example, there is a ded-
icated hardware solution for Eureka-147, a separate so-
lution for digital AM/FM, a separate chipset for satellite
radio, and yet another separate hardware solution for
the new IBOC solution. This proliferation of chipsets
may be compounded as manufacturers try to add even
more products (GPS, multimedia) to their systems.
[0095] This proliferation problem may be solved
through the use of a common platform to digital radio.
Fig. 32 shows an implementation of such a digital radio
platform according to an embodiment of the present in-
vention. The platform is based on a single programma-
ble Digital Signal Processor core that is enhanced with
various custom configurable/programmable peripher-
als. This architecture will allow for rapid porting between
systems because such an architecture only requires dif-
ferent software modules. This allows the system to de-
code any radio standard by loading the appropriate soft-
ware from either on-chip ROM or off-chip memory. This
DSP platform also may include a microprocessor to han-
dle user interface tasks, LCD displays, and other add-
on features.
[0096] Because the received data is "digitized" by the
A/D converter, the commonality between the various ra-
dio standards leads to peripherals that may be re-used
as the situation arises. As a result of an initial study of
commonality between the platforms, the various re-
quired peripherals include:

• An FFT engine for Orthogonal Frequency Division
Multiplexing (OFDM) or Coded Orthogonal Fre-
quency Division Multiplexing (COFDM) purposes;

• A de-interleaver with proper amounts of dynamic
memory;

• A configurable Viterbi engine; and
• A configurable Reed-Solomon engine.

[0097] The RF front end of the system may be re-
placeable because a single device may not be capable
of handling the width of the required tuning spectrum,
although some re-use is possible. The IBOC standard
may use the same RF front-end as the standard AM/FM
radio. Eureka-147 and Satellite may require separate
front-ends. One approach to aggregating all the inputs
is to convert the RF (Radio Frequency) signals down to
a common IF (Intermediate Frequency) signal that then
may be digitized by the A/D converter. Assuming com-
mon values for the IF (for example, 10.7 MHz), such dig-
itization is within the range of fast sampling A/D convert-
ers.
[0098] According to another embodiment, RF signals
are converted directly to baseband using a zero-IF or
Low-IF approach. The advantage of this approach is
cheaper filters and cheaper A/D converters. According
to yet another embodiment of the present invention, a

wideband RF front-end is used, the entire RF signal is
frequency translated to low-IF or baseband frequencies,
and the entire RF signal is digitized. This allows the DSP
to extract the digital "data" information from one station
and the digital "music' information from another station.
[0099] The A/D converter may be implemented with
a variable sample rate for the different standards, al-
though this may not be necessary if a common IF or con-
version to baseband method is used. Nevertheless a
variable rate A/D may permit the sampling rate to be de-
creased when possible to conserve energy.
[0100] The digital down converter ("DDC") block has
a programmable frequency to accommodate the differ-
ent standards. This block would most likely be integrat-
ed as part of the DSP platform. further, the output drive
to the speakers would vary depending on the final end-
equipment (e.g., portable, car stereo, home stereo), but
would consist of a stereo (or more channel) D/A and
power amplifiers.
[0101] While Fig. 32 shows only a single RF tuner
path, a second RF tuner may be used (with either one
antenna or two antennae) to provide antenna diversity
in the received signal. This diversity is used to improve
the quality of the received signal in the presence of mul-
tipath signals. Multipath signals are delayed versions of
the desired signal which are delayed in reaching the re-
ceiver due to obstructions, such as trees, buildings, or
the like. The two inputs are combined at the DSP, which
separates the desired signal from the delayed versions
of the signal (which appear as interference signals to
the desired signal).
[0102] This additional RF tuner also may be used to
capture the digital data from one radio station while the
digital or analog music signal is received on the first tun-
er. As noted above, this data may be combined in the
DSP, but used for a separate display instead of signal
improvement. If this additional tuner was a wideband
tuner or a narrowband tuner that was swept continuous-
ly, the DSP may be programmed to scan the digitized
output for desired messages, data, or types of music. In
a vehicle with separate front and back speaker systems,
this dual receiver architecture also permits the user to
program the second RF tuner to a separate radio signal
(rather than in scan mode), so that the passengers in
the front and back could listen to different stations. The
RF scan mode/station selection may be under the con-
trol of the DSP/MCU.
[0103] A trend has been deserved in the automobile
industry, in which the automobile is used as a multi-me-
dia platform. Car manufacturers want to offer the latest
in digital radio techniques, GPS, cell phone capabilities,
and other multimedia platforms. This is sometime re-
ferred to as the "Auto-PC" solution. The problem is that
each of these systems requires is own unique hardware
solution, which makes the entire solution too expensive.
The platform according to the present invention also
may be used to solve this problem as well. The DSP and
microprocessor may implement the appropriate soft-
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ware to change the instrument to a GPS device (for ex-
ample) and access data from the GPS specific front-
end. Alternatively, the platform multiplexes the two RF
inputs and operates as both a radio and a GPS receiver
at the same time.
[0104] While the invention has been described in con-
nection with preferred embodiments and examples, it
will be understood by those skilled in the art that other
variations and modifications of the preferred embodi-
ments described above may be made without departing
from the scope and spirit of the invention. Other embod-
iments will be apparent to those skilled in the art from a
consideration of the specification or practice of the in-
vention disclosed herein. It is intended that the specifi-
cation is considered as exemplary only, with the true
scope and spirit of the invention.

Claims

1. A method for receiving information, comprising the
steps of:

providing a search criteria;
monitoring at least one digital radio signal for
the search criteria; and
performing an action in response to a found
search criteria.

2. The method of claim 1, wherein the search criteria
is selected from the group consisting of a device
model number, a device serial number, a device
manufacture date, and combinations thereof.

3. The method of claim 2, wherein the device is select-
ed from the group consisting of a vehicle and an
appliance.

4. The method of claim 1, wherein the search criteria
is a transmission selected from the group consisting
of at least one song title, at least one artist name,
at least one product, at least one program, and com-
binations thereof.

5. The method of claim 4, wherein the at least one pro-
gram is a radio program.

6. The method of claim 1, wherein the search criteria
comprises a location and an orientation.

7. The method of claim 6, wherein the location and the
orientation are determined by at least one of a glo-
bal positioning system, radio signal triangulation,
and combinations thereof.

8. The method of claim 1, wherein the step of perform-
ing an action in response to a found search criteria
comprises:

receiving information related to the search cri-
teria.

9. The method of claim 8, wherein the information
comprises recall information.

10. The method of claim 8, wherein the information
comprises software updates.

11. The method of claim 4, wherein the step of perform-
ing an action in response to found search criteria
comprises a step selected from the group consist-
ing of providing a notification of the transmission,
recording the transmission, amplifying the trans-
mission; and combinations thereof.

12. The method of claim 1, wherein the search criteria
comprises a page.

13. The method of claim 12, wherein the step of per-
forming an action in response to found search cri-
teria comprises a step selected from the group con-
sisting of providing a notification of the page, dis-
playing the page, storing the page, and combina-
tions thereof.

14. A method for verifying a credit card or check, com-
prising the steps of:

receiving a digital radio transmission compris-
ing a list of at least one of bad credit cards and
bad checking accounts;
storing the list;
comparing at least one of a presented credit
card and a presented check to the stored list;
and
providing an output indicating results of the
comparison.

15. A system for recording digital radio, comprising:

a receiver for receiving a first digital radio sig-
nal;
a processor for processing the first digital radio
signal;
an input device for entering user preferences;
a memory for storing the user preferences; and
an output;
wherein the processor compares the first digital
radio signal to the user preferences to deter-
mine whether to amplify the first digital radio
signal.

16. The system of claim 15, wherein the first digital ra-
dio signal comprises digital music.

17. The system of claim 15, further comprising a sec-
ond receiver for receiving a second digital radio sig-

23 24



EP 1 137 209 A2

14

5

10

15

20

25

30

35

40

45

50

55

nal.

18. The system of claim 17, wherein the processor se-
lects at least one of the first digital radio signal and
the second digital radio signal to amplify.

19. The system of claim 17, wherein the processor se-
lectively switches between amplifying the first dig-
ital radio signal and amplifying the second digital ra-
dio signal in accordance with the user preferences.

20. A method for digital radio recording, comprising the
steps of:

storing a user preference;
receiving a first digital radio signal;
comparing the user preference to the first dig-
ital radio signal to determine whether to amplify
the first digital radio signal; and
amplifying the first digital radio signal respon-
sive to a positive determination.

21. The method for digital radio recording of claim 20,
further comprising the step of:

receiving a second digital radio signal; and
selectively switching between the first and sec-
ond digital radio signals.

22. The method of claim 21, further comprising the step
of:

recording at least one of the first digital radio
signal and the second digital radio signal.

23. A system for low power digital radio transmission,
comprising:

a low power digital radio transmitter for trans-
mitting a digital radio signal;
a digital radio receiver for receiving the digital
radio signal; and
a processor for processing the digital radio sig-
nal.

24. The system of claim 23, further comprising a plural-
ity of low power digital transmitters.

25. The system of claim 24, wherein the plurality of low
power digital transmitters operate on the same fre-
quency.

26. The system of claim 24, wherein the plurality of low
power digital transmitters are positioned such that
there is substantially no overlap between transmit-
ter ranges.

27. The system of claim 24, wherein the plurality of low
power digital transmitters are positioned such that

there is a handoff between transmission signals.

28. The system of claim 23, wherein the digital radio
signal comprises paging information.

29. The system of claim 23, wherein the digital radio
signal comprises museum information.

30. The system of claim 23, wherein the digital radio
signal comprises city information.

31. The system of claim 30, wherein the city information
is selected from the group consisting of history in-
formation, digital maps, restaurant information, and
combinations thereof.

32. The system of claim 23, wherein the digital radio
signal comprises emergency vehicle information.

33. The system of claim 23, wherein the digital radio
signal comprises audio information.

34. The system of claim 23, wherein the digital radio
signal comprises toy motor instructions.

35. The system of claim 23, wherein the digital radio
signal comprises advertisement information.

36. The system of claim 23, wherein the digital radio
signal comprises exit service information.

37. A system for global positioning, comprising:

at least three digital radio transmission sta-
tions, each digital radio transmitters transmit-
ting a digital signal comprising a location iden-
tification and a timestamp;
a digital radio receiver for receiving the digital
radio signals;
a processor for processing the digital radio sig-
nals and determining a global position of the
digital radio receiver.

38. The system of claim 37, further comprising a dis-
play.

39. The system of claim 38, wherein the receiver com-
prises a transceiver.

40. An animated toy comprising:

a figure;
a digital radio receiver in the figure;
an output device selected from the group con-
sisting of motors for moving a part of the figure
and speakers;
wherein the digital radio receiver receives dig-
ital radio signals and wherein the digital radio
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signals comprising instructions.

41. The animated toy of claim 40, wherein the instruc-
tions comprise audio.

42. The animated toy of claim 40, wherein the instruc-
tions comprise motor instructions.

43. A speaker system comprising:

a transmitter for transmitting at least one digital
radio signal; and
at least one speaker, the speaker comprising a
digital radio receiver.

44. The speaker system of claim 43, wherein the trans-
mitter transmits a plurality of digital radio signals,
each digital radio signal comprising audio informa-
tion for each speaker channel.

45. The speaker system of claim 43, wherein the trans-
mitter transmits one digital radio signal, the digital
radio signal including audio information for all
speaker channels.

46. A system for controlling public utility use, compris-
ing:

a transmitter for transmitting a digital radio sig-
nal;
a device using the public utility ,the device com-
prising a digital radio receiver;
wherein the digital radio receiver receives the
digital radio signal and controls the use of the
public utility in response to the digital radio sig-
nal.

47. A method of transmitting digital data, comprising the
steps of:

transmitting an executable file; and
transmitting a data file executed by the execut-
able file.

48. A method for receiving digital data, comprising the
steps of:

receiving a digital radio broadcast, the digital
radio broadcast comprising an executable file
and a data file;
separating the executable file from the data file;
loading the executable file on a processor; and
playing the data file.

49. The method of claim 48, further comprising the step
of:

storing the executable file in a memory.

50. A method of playing digital data, comprising the
steps of:

receiving a digital radio broadcast, the digital
radio broadcast comprising a datafile;
determining a file type of the data file;
determining whether an executable file that is
necessary to play the data file is stored in a
memory;
downloading the executable file in response to
a determination that the executable file is not
present in the memory;
loading the executable file on a processor; and
playing the data file.
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