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METHOD AND APPARATUS FOR IDENTIFYING 
CODES FOR REMOTELY CONTROLLING 
ELECTRONIC DEVICES VIA A WIRELESS 

COMMUNICATION MEDIUM 

RELATED APPLICATIONS 

[0001] This non-provisional application claims priority to 
Provisional Application No. 60/018,905 to Williams et al., 
for “IR Blaster Setup Speci?cation” ?led on May 31, 1996, 
Which is assigned to the assignee of the present application. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention pertains to remote control 
devices. More particularly, this invention relates to identi 
fying codes for controlling electronic devices remotely. 

[0004] 2. Background 

[0005] The controlling of electronic devices such as audio 
and video equipment via remote controls has become com 
mon practice. These remote controls typically transfer con 
trol codes to the electronic devices via infrared signals in 
order to activate various functions of the devices. HoWever, 
manufacturers of electronic devices are able to de?ne their 

oWn protocols as Well as control codes for operation of their 
remote controls and devices, thereby requiring use of either 
their proprietary remote controls or the use of another 

remote control Which knoWs the devices’ protocols and 
control codes. Thus, it Would be bene?cial to provide a 
single remote control device Which is able to control mul 
tiple electronic devices Without regard for the manufacturers 
of the electronic devices. 

[0006] One solution to this problem is a user-program 
mable remote control. With a user-programmable remote 

control, the user is able to manually input a particular code 
to the remote control Which identi?es the electronic device 
to the remote control. HoWever, this solution requires the 
user to lookup the proper code in an instruction manual, and 
often times requires the user to manually enter multiple 
codes before the proper code is ?nally input. Thus, it Would 
be bene?cial to provide a Way to reduce the amount of 
compleXity and hassle on the part of a user in setting up 
control of different devices from a remote control. 

[0007] Another solution to this problem is referred to as a 
“learning” remote control. Typically, a learning remote 
control learns the codes used by a particular manufacturer’s 
remote control by having the user point the manufacturer’s 
remote control at the learning remote control, press one of 
the buttons on the manufacturer’s remote control, and then 
tell the learning remote control Which button Was pressed so 
that it can “learn” the code used by that manufacturer’s 
remote control for that button. HoWever, this learning pro 
cess requires additional time and compleXity for the user, as 
Well as requires the availability of the original manufactur 
er’s remote control in Working order. Thus, it Would be 
bene?cial to provide a Way to reduce the amount of com 
pleXity and hassle on the part of the user, as Well as remove 
the need for the original manufacturer’s remote control, in 
setting up control of different devices from a remote control. 

Aug. 9, 2001 

[0008] Additionally, a current trend in the electronics and 
computer industry is the convergence of computers and 
electronic devices. This convergence is resulting toWards 
more computer-controlled electronic devices, such as tele 
vision sets. As this convergence continues, it Will become 
more and more bene?cial to provide an effective Way to 
remotely control multiple electronic devices from a com 
puter system. Given that such a computer control system 
Will need to be set up to control the multiple electronic 
devices, it Would be bene?cial to provide a Way for users to 
easily set up a control system to remotely control these 
electronic devices. 

[0009] As Will be described in more detail beloW, the 
present invention provides a method and apparatus for 
identifying codes for remotely controlling electronic devices 
via a Wireless communication medium Which achieves these 
and other desired results Which Will be apparent to those 
skilled in the art from the description that folloWs. 

SUMMARY OF THE INVENTION 

[0010] A method and apparatus for identifying codes for 
remotely controlling electronic devices via a Wireless com 
munication medium is described herein. A code is automati 
cally selected Which may control a ?rst function of an 
electronic device and is transmitted to the electronic device 
via a Wireless medium. The present invention then checks 
Whether the ?rst function occurred. If the ?rst function 
occurred, then the code is identi?ed as controlling the ?rst 
function of the electronic device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] The present invention is illustrated by Way of 
eXample and not limitation in the ?gures of the accompa 
nying draWings, in Which like references indicate similar 
elements and in Which: 

[0012] FIG. 1 is a block diagram illustrating an entertain 
ment system in Which the present invention may be used; 

[0013] FIG. 2 is a simpli?ed block diagram illustrating the 
system architecture of a hardWare system according to one 
embodiment of the present invention; 

[0014] FIG. 3 is a ?oWchart illustrating the steps folloWed 
in identifying control codes for an electronic device accord 
ing to one embodiment of the present invention; and 

[0015] FIG. 4 illustrates one embodiment of a hardWare 
system suitable for use With the present invention. 

DETAILED DESCRIPTION 

[0016] In the folloWing detailed description numerous 
speci?c details are set forth in order to provide a thorough 
understanding of the present invention. HoWever, it Will be 
understood by those skilled in the art that the present 
invention may be practiced Without these speci?c details. In 
other instances Well knoWn methods, procedures, compo 
nents, and circuits have not been described in detail so as not 
to obscure the present invention. 

[0017] Some portions of the detailed descriptions Which 
folloW are presented in terms of algorithms and symbolic 
representations of operations on data bits Within a computer 
memory. These algorithmic descriptions and representations 
are the means used by those skilled in the data processing 
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arts to most effectively convey the substance of their Work 
to others skilled in the art. An algorithm is here, and 
generally, conceived to be a self-consistent sequence of steps 
leading to a desired result. The steps are those requiring 
physical manipulations of physical quantities. Usually, 
though not necessarily, these quantities take the form of 
electrical or magnetic signals capable of being stored, trans 
ferred, combined, compared, and otherWise manipulated. It 
has proven convenient at times, principally for reasons of 
common usage, to refer to these signals as bits, values, 
elements, symbols, characters, terms, numbers, or the like. It 
should be borne in mind, hoWever, that all of these and 
similar terms are to be associated With the appropriate 
physical quantities and are merely convenient labels applied 
to these quantities. Unless speci?cally stated otherWise as 
apparent from the folloWing discussions, it is appreciated 
that throughout the present invention, discussions utiliZing 
terms such as “processing” or “computing” or “calculating” 
or “determining” or “displaying” or the like, refer to the 
action and processes of a computer system, or similar 
electronic computing device, that manipulates and trans 
forms data represented as physical (electronic) quantities 
Within the computer system’s registers and memories into 
other data similarly represented as physical quantities Within 
the computer system memories or registers or other such 
information storage, transmission or display devices. 

[0018] The present invention is a method and apparatus 
for identifying codes for remotely controlling electronic 
devices via a Wireless communication medium Which 
reduces user inconvenience and complexity in identifying 
the codes. The present invention automatically identi?es the 
proper code for controlling at least one function of each 
electronic device it is to be controlling. Additional codes can 
be identi?ed by requesting user con?rmation of a particular 
response by the electronic device, or alternatively can be 
identi?ed automatically. 

[0019] FIG. 1 is a block diagram illustrating an entertain 
ment system in Which the present invention may be used. An 
entertainment system 100 is illustrated including a hardWare 
system 110, infrared (IR) transmit logic 120, IR transmitter 
160, signal line 162, multiple electronic devices 130 and 
140, IR signals 150, and feedback lines 152 and 154. 
HardWare system 110 controls the identifying and storage of 
control codes for electronic devices 130 and 140. During the 
identifying process, hardWare system 110 forWards control 
codes to IR transmit logic 120, Which in turn transmits the 
codes to the electronic devices 130 and 140 via IR signals 
150. In one embodiment, hardWare system 110 is coupled to 
IR transmit logic 120 via a conventional RS-232C interface. 
When electronic device 130 receives an IR signal Which 
activates a particular function in electronic device 130, then 
the occurrence of this function is indicated to hardWare 

system 110 via feedback line 154. Similarly, When electronic 
device 140 receives an IR signal Which activates a particular 
function in electronic device 140, then the occurrence of this 
function is indicated to hardWare system 110 via feedback 
line 152. The exact nature of these indications on feedback 

lines 152 and 154 is dependent on the functions as discussed 
in more detail beloW. In alternate embodiments, feedback 
lines 152 and 154 are input to IR transmit logic 120 rather 
than hardWare system 110. 
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[0020] Entertainment system 100 illustrates the conver 
gence of computers and electronic devices. After identifying 
one or more codes in accordance With the present invention, 
hardWare system 110 is able to remotely control electronic 
devices 130 and 140 via IR signals 150 and/or 151. It should 
be noted that hardWare system 110 represents a Wide range 
of hardWare devices Which could be used to control elec 
tronic devices 130 and 140, and it is to be appreciated that 
the siZe of the housing of hardWare system 110 can vary 
based on the amount of internal circuitry Which is included 
in hardWare system 110. 

[0021] Electronic devices 130 and 140 may be any of a 
Wide variety of conventional, commercially available elec 
tronic devices. Examples of these electronic devices include 
audio components such as receivers, ampli?ers, compact 
disk (CD) players, and audio cassette players, and video 
components such as video cassette recorders (VCRs), digital 
versatile disk (DVD) recorders/players, laser disk players, 
televisions, video cameras, digital cameras, cable boxes, and 
satellite boxes for use With satellite dish systems. In one 
embodiment, the electronic devices are consumer electronic 
devices Which Would typically be used in a consumer’s 
entertainment (audio and/or video) system. HoWever, in 
alternate embodiments, the electronic devices may be of a 
commercial or professional nature. 

[0022] The “functions” of an electronic device refers to 
the operations Which the electronic device can be ordered to 
perform. Examples of these functions include: poWer on, 
poWer off, play, stop, pause, reWind, fast forWard, record, 
TV/video select, entry of numbers 0-9, enter, recall, volume 
up/doWn, channel/station selection up/doWn, video controls 
such as sharpness, contrast, and brightness, source selection 
controls such as video 1, video 2, CD, and receiver, and 
additional audio controls such as surround sound processing 
types (including DolbyTM Surround, DolbyTM Digital, 
DolbyTM Surround Pro Logic, DolbyTM 3 Stereo, and 
THXTM), various surround sound processing modes (includ 
ing number of channels, and type of sound environment to 
emulate, such as concert hall, rock concert, movie theater, 
etc.), stereo mode, and mono mode. It is to be appreciated 
that the speci?c functions Which each electronic device can 
perform are dependent on the particular device. By Way of 
example, given that laser disks typically cannot be Written 
to, a typical laser disk player Would be capable of various 
functions including poWer on and poWer off functions, but 
Would not have a record function. 

[0023] The indications on feedback lines 152 and 154 are 
dependent on both the function Which is performed and the 
type of electronic device Which performs the function. 
Additionally, it is to be appreciated that the nature of the 
connections of electronic devices to feedback lines 152 and 
154 is dependent on both the function Which is performed 
and the type of electronic device Which performs the func 
tion. By Way of example, electronic device 130 may be a 
VCR in the poWered off state and feedback line 154 a video 
output signal from electronic device 130. Thus, if hardWare 
system 110 is in the process of identifying the control code 
Which activates the poWer on function of electronic device 
130, hardWare system 110 can monitor the feedback line 154 
for a video signal. If no video signal is received from 
electronic device 130 in response to a particular code, then 
hardWare system 110 knoWs it tried an incorrect code for the 
poWer on function. HoWever, if a video signal is received in 
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response to a particular code, then hardware system 110 
knows it has a correct code for the poWer on function of 
electronic device 130. 

[0024] It is to be appreciated that additional functions 
besides poWer on can be detected. By Way of example, a 
conventional poWer sensing device could be placed in the 
poWer line of an electronic device (such as betWeen the Wall 
socket and the plug of the electronic device). This device 
could monitor the poWer drain of the electronic device, and 
thereby indicate to hardWare system 110 that a particular 
function had occurred (such as play, reWind, channel change, 
etc.). By Way of another eXample, light sensors could be 
placed in front of control lights or channel/station display 
lights on an electronic device and input to the hardWare 
system, thereby alloWing hardWare system 110 to detect 
speci?c functions by the on/off status of these various lights. 
Yet another eXample is to use audio sensors (e.g., a micro 
phone) at hardWare system 110. HardWare system 110 could 
use these audio sensors to detect changes in noise level, such 
as Would occur as a result of poWer on/poWer off of a 
receiver, activating the play function of a CD player, volume 
control adjustments to an electronic device, etc. 

[0025] In one embodiment of the present invention, the 
control codes transmitted to electronic devices 130 and 140 
via IR transmit logic 120 vary in both their protocol and their 
data. The protocol for the code refers to the Way in Which the 
code is transferred, including carrier frequency and duty 
cycle for the transmission, bit modulation scheme for the 
transmission, the number of cycles transmitted in data 
bursts, and the delay betWeen data bursts. The data for the 
code refers to the data Which identi?es a particular function 
of the electronic device. It is to be appreciated that both the 
protocol and the data can vary by manufacturer. 

[0026] In the illustrated embodiment, hardWare system 
110 selects the manufacturer for the code to be transmitted 
and forWards this manufacturer information to IR transmit 
logic 120 along With the data to be transmitted. IR transmit 
logic 120 is pre-programmed With the protocols used by the 
various manufacturers. IR transmit logic 120, upon receipt 
of the manufacturer information and data from hardWare 
system 110, identi?es the protocol to use for the manufac 
turer and transmits the data to the electronic device(s) using 
that protocol. In an alternate embodiment, hardWare system 
110 is pre-programmed With the protocols and sends both 
the protocol information and the data to the IR transmit logic 
120, thereby alleviating IR transmit logic 120 of the need to 
maintain and lookup manufacturer protocol information. 

[0027] In one embodiment, IR transmit logic 120 main 
tains storage slots for eight different protocols. In this 
embodiment, if hardWare system 110 needs to use a different 
protocol than any stored in IR transmit logic 120, hardWare 
system 110 loads the protocol into IR transmit logic 120, 
overWriting a previous protocol if necessary. In one imple 
mentation, these eight different protocols are linked to the 
eight different ports, thereby alloWing IR transmit logic 120 
to identify the proper protocol based on Which port the data 
is to be transmitted over, or vice versa. 

[0028] In the illustrated embodiment, IR transmit logic 
120 includes siX conventional infrared transmitter ampli?ers 
and light emitting diodes (LEDs) (not shoWn) Which are 
used to transmit the IR signals in a conventional manner. In 
one implementation, each of the siX LEDs transmits an IR 
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signal in at least a 60 degree cone With the apeX at the LED. 
Thus, by placing the LEDs in a circular pattern, separating 
each by 60 degrees, the IR signals 150 can be transmitted in 
a full circle pattern from the transmit logic 120. 

[0029] In the illustrated embodiment, line 162 provides a 
Wired connection from IR transmitter 160 to IR transmit 
logic 120. The internal circuitry of IR transmit logic 120 can 
control the IR transmitter ampli?ers and the LEDs in IR 
transmit logic 120 to transmit IR signals, or alternatively can 
forWard the control information to IR transmitter 160 via 
line 162 to alloW IR transmitter 160 to transmit IR signals 
151. In the illustrated embodiment, IR transmitter 160 
includes a single LED for transmitting signals to electronic 
device 140. The additional IR transmitter 160 alloWs the 
signal to be directed to a particular one or more electronic 
devices. This alloWs speci?c signals to be sent to a particular 
electronic device if multiple electronic devices use the same 
codes, or alternatively if one or more of the electronic 
devices are not Within the range of IR signals 150. It is to be 
appreciated that in alternate embodiments, IR transmitter 
160 may include multiple IR transmitter ampli?ers and 
LEDs to provide a broader signal path for IR signals 151. 

[0030] In the illustrated embodiment, IR transmit logic 
120 includes eight output ports for IR signals. Seven of these 
output ports are for Wired connections, alloWing additional 
IR transmitters 160 to be coupled to IR transmit logic 120 
via additional lines 162. The eighth output port, referred to 
as the “blaster” port, forWards signals to the siX LEDs of 
transmit logic 120, alloWing IR signals 150 to be transmit 
ted. As discussed in more detail beloW, these eight ports can 
be individually addressed by hardWare system 110, thereby 
alloWing hardWare system 110 to control Where the IR 
signals are transmitted. 

[0031] The use of IR transmitter ampli?ers, LEDs, and 
selection circuitry as used Within IR transmit logic 120 is 
Well-knoWn to those skilled in the art and thus Will not be 
discussed further eXcept as it relates to the present invention. 

[0032] It is to be appreciated that the number of ports in IR 
transmit logic 120 can be increased or decreased, that the 
number of Wired ports can be increased or decreased, and 
that the number of blaster ports can be increased or 
decreased. The number of ports Which IR transmit logic 120 
should include can be identi?ed by balancing the total 
number of ports needed to control the desired number of 
electronic devices and the increased siZe and cost of pro 
viding additional ports. 

[0033] It is to be appreciated that although hardWare 
system 110 and IR transmit logic 120 are illustrated as tWo 
separate devices in FIG. 1, these tWo components may be 
combined. For example, a computer system may include IR 
transmit logic 120 on a printed circuit board Within the 
computer system’s housing. 

[0034] It is also to be appreciated that although the enter 
tainment system 100 is illustrated as transmitting signals to 
the electronic devices via IR signals, any of a Wide range of 
communication media may be used. It is to be appreciated 
that the IR transmitter could send signals to the electronic 
devices via any Wireless communication medium. 

[0035] In one embodiment of the present invention, hard 
Ware system 110 communicates With IR transmit logic 120 
using a serial stream including a command start indication, 
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a command type indication, data, and a check sum. The 
command start indication is a predetermined code to indicate 
that a command is about to begin. The command type 
indication is one of a set of predetermined codes Which 
identi?es a particular command. In one implementation, siX 
command types are supported: load temporary protocol, 
save temporary protocol, send infrared (Which includes the 
control code to be sent, an identi?er of the protocol to use, 
and the port over Which the data is to be sent), Wait (Which 
indicates an amount of delay Which should occur betWeen 
successive infrared commands), test, and system reset. The 
data is the particular control code being transmitted to the 
electronic device(s). The check sum is a Well-knoWn method 
for verifying the accuracy of data being transmitted. 

[0036] It is to be appreciated that additional types of error 
checking and additional components of the serial stream 
could be included in alternate embodiments of the present 
invention. 

[0037] In one embodiment of the present invention, 
records are used to store the control codes for the electronic 
devices. These records for each of multiple commercially 
available electronic devices can be supplied to the hardWare 
system in any of a Wide variety of conventional manners, 
such as by dial-up access to a bulletin board system (BBS), 
access over the Internet, provision of a non-volatile storage 
device such as a magnetic or optical disk, etc. 

[0038] In one embodiment, hardWare system 110 main 
tains a different record for each of the electronic devices 
Which is part of the entertainment system 100. In one 
embodiment, the data stored for each electronic device 
includes codes identifying each of the functions of the 
device Which can be controlled remotely by the infrared 
signals, as Well as an identi?er of the protocol used by the 
electronic device and an address of the electronic device 
(Which indicates to the electronic device, upon receipt of an 
IR signal, that the IR signal targets the electronic device). 

[0039] In one embodiment, in addition to the records 
stored for electronic devices, hardWare system 110 also 
maintains a record of manufacturers and corresponding 
protocol identi?ers. Thus, if hardWare system 110 receives 
an input (e.g., from a user) Which identi?es a particular 
manufacturer for an electronic device, hardWare system 110 
can identify the proper protocol to be used With the elec 
tronic device. 

[0040] FIG. 2 is a simpli?ed block diagram illustrating the 
system architecture of a hardWare system according to one 
embodiment of the present invention. As shoWn, the hard 
Ware system includes operating system 205, basic input/ 
output system (BIOS) 210, code identi?cation logic 215, 
code database 220, system devices database 225, code 
selection module 230, feedback analysis module 235, and 
user interface module 240. 

[0041] BIOS 210 provides an interface betWeen operating 
system 205 and the various input/output (I/O) devices 
coupled to the hardWare system. 

[0042] Operating system 205 is a softWare service Which 
provides an interface betWeen BIOS 210 and code identi? 
cation logic 215 as Well as other softWare applications 
eXecuting on the hardWare system. Operating system 205 
provides an interface, such as a graphical user interface 
(GUI), betWeen the user and the hardWare system. Accord 
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ing to one embodiment of the present invention, operating 
system 205 is the WindoWsTM 95 operating system, available 
from Microsoft Corporation of Redmond, Wash. HoWever, it 
is to be appreciated that the present invention may be used 
With any other conventional operating system, such as other 
versions of Microsoft WindoWsTM (for eXample, WindoWsTM 
3.0, WindoWsTM 3.1, or WindoWsTM NT), Microsoft DOS, 
OS/2, available from International Business Machines Cor 
poration of Armonk, NY, the Apple Macintosh Operating 
System, available from Apple Computer Incorporated of 
Cupertino, Calif., the NeXTSTEP® operating system avail 
able from Apple Computer Incorporated, or the UNIX 
operating system, available from Santa CruZ Operations of 
Santa CruZ, Calif. 

[0043] Code identi?cation logic 215 controls the process 
for identifying codes to control electronic devices 130 and 
140 as discussed in more detail beloW. Code database 220 is 
a database of electronic devices and corresponding codes. In 
one implementation, code database 220 includes codes to 
control all functions of a plurality of makes and models of 
electronic devices. System device database 225 is a database 
of electronic devices Which are part of entertainment system 
100. System device database 225 is updated by code iden 
ti?cation module With the codes to control the various 
functions of the electronic devices, as discussed in more 
detail beloW. 

[0044] Code selection module 230 controls the selection 
of Which code to try for a particular electronic device. That 
is, Which code may Work for a particular function of the 
electronic device. 

[0045] Feedback analysis module 235 compares the 
response, if any, of the electronic device to a particular code 
signal to the response Which the hardWare system expects. In 
other Words, feedback analysis module 235 compares the 
received response, if any, to the response Which the selected 
code should have elicited if the selected code Were the 
correct code for the function being tried. 

[0046] User interface module 240 provides a user interface 
betWeen code identi?cation logic 215 and a user of hardWare 
system 110. User interface module 240 alloWs a user to 
identify a particular make of an electronic device, or respond 
to prompts from the hardWare system, as discussed in more 
detail beloW. In one embodiment, user interface module 240 
provides a graphical user interface, such as one or more 
WindoWs, to provide information to the user and receive 
inputs from the user. 

[0047] FIG. 3 is a ?oWchart illustrating the steps folloWed 
in identifying control codes for an electronic device accord 
ing to one embodiment of the present invention. The code 
selection module 230 ?rst selects a code Which may control 
a function of one of the electronic devices, step 305. Code 
identi?cation logic 215 then transmits the selected code to 
the electronic device via IR transmit logic 120, step 310. 
Feedback analysis module 235 then checks Whether activa 
tion of the function Was detected based on the signal(s) 
received via the feedback line(s), if any, from the device, 
step 315. 

[0048] If the hardWare system does not detect the activa 
tion of the function, then code selection module 230 checks 
Whether there are additional codes to be tried for the 
function, step 317. If there are additional codes, then a neW 
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code is selected, step 320, and subsequently transmitted to 
the device. However, if there are no additional codes to be 
tried, then the process ends due to none of the codes Working 
for the desired function. In an alternate embodiment, rather 
than ending, code selection module 230 initiates an access to 
a remote location to retrieve an updated set of codes. Upon 
obtaining an updated set of codes, the hardWare system 
returns to step 305 to repeat the steps of FIG. 3 using the 
updated set of codes. In one implementation, code selection 
module 230 obtains the set of updated codes by accessing a 
remote server using a conventional “dialup” connection. In 
another implementation, code selection module 230 
accesses a remote server via the Internet to obtain the 

updated set of codes. 

[0049] Returning to step 315, if activation of the function 
is detected then code identi?cation logic 215 stores the 
selected code, step 325. Code identi?cation logic 215 then 
checks Whether there are additional functions to try, step 
330. In one embodiment, code identi?cation logic 215 
performs this check by checking Whether the selected 
code(s) so far uniquely identify an electronic device in code 
database 220. If the selected code(s) do uniquely identify 
one electronic device, then no further checking is necessary 
as the hardWare system knoWs the identity of the electronic 
device. In an alternate embodiment, additional checking of 
additional codes for additional functions is made to verify 
that the ?rst code Worked properly. 

[0050] If there are additional functions to try, then code 
identi?cation logic 215 returns to step 305 to select a code 
Which may Work for another function of the electronic 
device. HoWever, if there are not additional functions to try, 
then code identi?cation logic 215 proceeds to store the 
identity of the neWly identi?ed device, step 335, and option 
ally to store additional codes for the device. To store 
additional codes for the device, code identi?cation logic 215 
accesses the records of code database 220 and copies the 
codes for the neWly identi?ed device into a neW record of 
system device database 225. 

[0051] According to one embodiment of the present inven 
tion, the method of the present invention begins transmitting 
IR signals via the blaster port, thereby sending signals to all 
of the devices Within range of IR transmit logic 120 via IR 
signals 150 of FIG. 1. If the hardWare system is unsuccess 
ful in detecting the proper function from the electronic 
device being set up, then the hardWare system repeats the 
steps of FIG. 3 using one of the other ports providing a 
Wired connection to an IR transmitter 160. Alternatively, the 
hardWare system may receive an input from a user Which 
identi?es Which port the signals for a particular electronic 
device should be transmitted over. 

[0052] In the illustrated embodiment, in step 305 code 
selection module 230 selects codes for the particular func 
tion from different records in code database 220. The 
selection of Which record’s code for the function is to be 
tried can be performed in any of a Wide range of manners. 
In one implementation, code selection module 230 steps 
through the records one by one in the order they Were stored 
in code database 220. In another implementation, the selec 
tion of records is based on a random number generator. In 
another implementation, code selection module is pre-pro 
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grammed With a particular ordering of manufacturers, 
thereby causing the selection module to folloW this pre 
programmed order. This alloWs code selection module 230 
to be programmed to test the most common electronic 
devices ?rst. 

[0053] Additionally, in one embodiment of the present 
invention, code identi?cation logic 215 can receive data 
input from a user via user interface module 240. This data 
input may assist code selection module 230 in selecting 
codes to try. By Way of eXample, code identi?cation logic 
215 may receive as an input from the user the manufacturer 
of a particular electronic device. Based on this input, code 
selection module 230 could select only those codes Which 
correspond to the identi?ed manufacturer. It is to be appre 
ciated that a user could input this information in any of a 
Wide variety of conventional manners, such as by selecting 
a manufacturer from a list provided by the code identi?ca 
tion logic, or by typing in the manufacturer name. Other 
types of input Which code identi?cation logic 215 may 
receive include full or partial model numbers, and electronic 
device type. In an alternate embodiment, the selection of the 
codes by code selection module 230 is done fully automati 
cally Without any user identi?cation of manufacturer, model, 
device type, etc. 

[0054] It is to be appreciated that the present invention can 
be used With any of a Wide variety of conventional electronic 
devices Without requiring additional circuitry in the elec 
tronic devices. A hardWare system Which incorporates the 
present invention changes the codes to be transmitted to an 
electronic device, hoWever the response to these codes by 
the electronic devices is no different than the response that 
Would be obtained from a conventional remote control. That 
is, if the proper code is transmitted to the electronic device, 
then it Will perform the indicated function; otherWise, it Will 
not respond to the code. Therefore, no additional logic in or 
modi?cations to the electronic devices are necessary. 

[0055] FIG. 4 illustrates one embodiment of a hardWare 
system suitable for use With the present invention. In one 
embodiment, the hardWare system 110 illustrated in FIG. 1 
is a hardWare system 400 of FIG. 4. In the illustrated 
embodiment, hardWare system 400 includes processor 402 
and cache memory 404 coupled to each other as shoWn. 
Additionally, hardWare system 400 includes high perfor 
mance input/output (I/O) bus 406 and standard I/O bus 408. 
Host bridge 410 couples processor 402 to high performance 
I/O bus 406, Whereas I/O bus bridge 412 couples the tWo 
buses 406 and 408 to each other. Coupled to bus 406 are 
netWork/communication interface 424, system memory 414, 
and video memory 416. In turn, display device 418 is 
coupled to video memory 416. Coupled to bus 408 is mass 
storage 420, keyboard and pointing device 422, and I/O 
ports 426. Collectively, these elements are intended to 
represent a broad category of hardWare systems, including 
but not limited to general purpose computer systems based 
on the Pentium® processor, Pentium® Pro processor, or 
Pentium® II processor, manufactured by Intel Corporation 
of Santa Clara, Calif. 

[0056] In one embodiment, various electronic devices are 
also coupled to high performance I/ O bus 406. As illustrated, 
analog tuner/digital satellite/cable devices 428, additional 
video sources 430, and audio outputs 432 are also coupled 
to high performance I/O bus 406. 
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[0057] These elements 402-432 perform their conven 
tional functions known in the art. In particular, netWork/ 
communication interface 424 is used to provide communi 
cation betWeen system 400 and any of a Wide range of 
conventional networks, such as an Ethernet, token ring, the 
Internet, etc. It is to be appreciated that the circuitry of 
interface 424 is dependent on the type of netWork the system 
400 is being coupled to. 

[0058] Mass storage 420 is used to provide permanent 
storage for the data and programming instructions to imple 
ment the above described functions, Whereas system 
memory 414 is used to provide temporary storage for the 
data and programming instructions When executed by pro 
cessor 402. I/O ports 426 are one or more serial and/or 
parallel communication ports used to provide communica 
tion betWeen additional peripheral devices Which may be 
coupled to hardWare system 400. 

[0059] It is to be appreciated that various components of 
hardWare system 400 may be rearranged. For example, 
cache 404 may be on-chip With processor 402. Alternatively, 
cache 404 and processor 402 may be packed together as a 
“processor module”, With processor 402 being referred to as 
the “processor core”. Furthermore, certain implementations 
of the present invention may not require nor include all of 
the above components. For example, mass storage 420, 
keyboard and pointing device 422, and/or display device 
418 and video memory 416 may not be included in system 
400. Additionally, the peripheral devices shoWn coupled to 
standard I/O bus 408 may be coupled to high performance 
I/O bus 406; in addition, in some implementations only a 
single bus may exist With the components of hardWare 
system 400 being coupled to the single bus. Furthermore, 
additional components may be included in system 400, such 
as additional processors, storage devices, or memories. It is 
also to be appreciated that IR transmit logic 120 of FIG. 1 
may be part of system 400 and be coupled to either bus high 
performance I/O bus 406 or standard I/O bus 408. 

[0060] In one embodiment, the method for identifying 
codes for remotely controlling electronic devices via a 
Wireless communication medium according to the present 
invention as discussed above is implemented as a series of 
softWare routines run by hardWare system 400 of FIG. 4. 
These softWare routines comprise a plurality or series of 
instructions to be executed by a processor in a hardWare 
system, such as processor 402 of FIG. 4. Initially, the series 
of instructions are stored on a storage device, such as mass 
storage 420. It is to be appreciated that the series of 
instructions can be stored on any conventional storage 
device, such as a diskette, CD-ROM, magnetic tape, digital 
versatile disk (DVD), laser disk, ROM, Flash memory, etc. 
It is also to be appreciated that the series of instructions need 
not be stored locally, and could be received from a remote 
storage device, such as a server on a netWork, via netWork/ 
communication interface 424. 

[0061] The instructions are copied from the storage 
device, such as mass storage 420, into memory 414 and then 
accessed and executed by processor 402. In one implemen 
tation, these softWare routines are Written in the C++ pro 
gramming language. It is to be appreciated, hoWever, that 
these routines may be implemented in any of a Wide variety 
of programming languages. In alternate embodiments, the 
present invention is implemented in discrete hardWare or 
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?rmWare. For example, an application speci?c integrated 
circuit (ASIC) could be programmed With the above 
described functions of the present invention. 

[0062] Thus, a method and apparatus for identifying codes 
for remotely controlling electronic devices via a Wireless 
communication medium has been described. Whereas many 
alterations and modi?cations of the present invention Will be 
comprehended by a person skilled in the art after having read 
the foregoing description, it is to be understood that the 
particular embodiments shoWn and described by Way of 
illustration are in no Way intended to be considered limiting. 
References to details of particular embodiments are not 
intended to limit the scope of the claims. 

What is claimed is: 
1. An apparatus comprising: 

selection logic operative to automatically select one of a 
plurality of codes Which may control a ?rst function of 
an electronic device; 

transmission logic, coupled to the selection logic, opera 
tive to transmit the selected one of the plurality of codes 
to the electronic device via a Wireless medium; 

feedback analysis logic, coupled to the selection logic, 
operative to check Whether a ?rst function occurred; 

code identi?cation logic, coupled to the feedback analysis 
logic, to identify the selected one of the plurality of 
codes that controls the ?rst function of the electronic 
device in response to the ?rst function occurring; and 

Wherein the selection logic is further operative to auto 
matically select a preferred second code, based on the 
selected one of the plurality of ?rst codes, in response 
to both the ?rst function occurring and multiple elec 
tronic devices using the selected one of the plurality of 
codes for the ?rst function. 

2. The apparatus of claim 1, Wherein the transmission 
logic includes a plurality of transmitters. 

3. The apparatus of claim 1, Wherein the selection logic, 
transmission logic, feedback analysis logic, and code iden 
ti?cation logic are included in the same housing. 

4. The apparatus of claim 1, Wherein the transmission 
logic is operative to transmit the selected one of the plurality 
of codes to the electronic device using infrared signals. 

5. The apparatus of claim 1, Wherein the selection logic is 
operative to automatically randomly select one of the plu 
rality of codes Which may control the ?rst function. 

6. The apparatus of claim 1, Wherein the code identi?ca 
tion logic is further operative to control the selection logic, 
transmission logic, and feedback analysis logic to select, 
transmit, and check additional codes until one or more codes 
are identi?ed Which control functions of the electronic 
device and Which are not used to control corresponding 
functions of other electronic devices. 

7. A computer-readable medium having stored thereon a 
plurality of instructions, designed to be executed by a 
processor, for implementing a function to automatically 
select one of a plurality of ?rst codes Which may control a 

?rst function of the electronic device, a function to transmit 
the selected one of the ?rst codes to the electronic device via 
a Wireless medium, a function to check Whether the ?rst 

function occurred, a function to identify the selected one of 
the ?rst codes that controls the ?rst function of the electronic 
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device in response to the ?rst function occurring, and a 
function to automatically select a preferred second code, 
based on the selected one of the ?rst codes, in response to 
both the ?rst function occurring and multiple electronic 
devices using the selected one of the ?rst codes for the ?rst 
function. 

8. The computer-readable medium of claim 7, further 
comprising a plurality of instructions for implementing a 
function to automatically select one of a plurality of second 
codes Which may control a second function of the electronic 
device, a function to transmit the selected one of the second 

codes to the electronic device via a Wireless medium, a 
function to check Whether the second function occurred, and 
a function to identify the selected one of the second codes 
that controls the second function of the electronic device in 
response to the second function occurring. 

9. The computer-readable medium of claim 8, Wherein the 
plurality of instructions for implementing a function to 
select one of a plurality of second codes comprises a 
plurality of instructions for implementing a function to 
select the one of the plurality of second codes based on the 
?rst code. 

10. The computer-readable medium of claim 7, further 
comprising a plurality of instructions for implementing a 
function to check device data to determine Whether multiple 
electronic devices use the selected one of the ?rst codes for 
the ?rst function, and to record that the electronic device is 
as identi?ed in the device data if multiple electronic devices 
do not use the selected one of the ?rst codes for the ?rst 
function. 

11. Amethod for identifying codes to control one or more 
functions of an electronic device, the method comprising the 
steps of: 

(a) automatically and randomly selecting one of a plural 
ity of ?rst codes Which may control a ?rst function of 
the electronic device; 

(b) transmitting the selected one of the ?rst codes to the 
electronic device via a Wireless medium; 

(c) checking Whether the ?rst function occurred; and 
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(d) identifying the selected one of the ?rst codes that 
controls the ?rst function of the electronic device in 
response to the ?rst function occurring, otherWise auto 
matically repeating steps (a) through 

12. The method of claim 11, Wherein the transmitting step 
(b) comprises transmitting the selected one of the ?rst codes 
to the electronic device using infrared signals. 

13. The method of claim 11, further comprising the steps 
of: 

(e) automatically selecting one of a plurality of second 
codes Which may control a second function of the 
electronic device; 

(f) transmitting the selected one of the second codes to the 
electronic device via a Wireless medium; 

(g) checking Whether the second function occurred; and 

(h) identifying the selected one of the second codes that 
controls the second function of the electronic device in 
response to the second function occurring, otherWise 
automatically repeating steps (e) through 

14. The method of claim 13, Wherein the checking step (g) 
comprises the step of receiving a user input indicating 
Whether the second function occurred. 

15. The method of claim 13, Wherein the selecting step (e) 
comprises selecting one of the second codes based on the 
?rst code. 

16. The method of claim 11, further comprising the step 
of checking device data to determine Whether multiple 
electronic devices use the selected one of the ?rst codes for 
the ?rst function, and recording that the electronic device is 
as identi?ed in the device data if multiple electronic devices 
do not use the selected one of the ?rst codes for the ?rst 
function. 

17. The method of claim 11, further comprising the step 
of repeating steps (a) through (c) until one or more codes are 
identi?ed Which control functions of the electronic device 
and Which are not used to control corresponding functions of 
other electronic devices. 

18. The method of claim 11, Wherein the ?rst function 
comprises poWering on the electronic device. 

* * * * * 


