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(57) ABSTRACT 

A universal remote control interacts With a user to assist in 
training to one or more appliances. If the appliance is 
activated by a rolling code activation signal, a sequence of 
di?cerent rolling code activation signals is transmitted until 
the user indicates a successful transmission. If the appliance 
is activated by a ?xed code activation signal, a ?xed code 
Word is used to generate and transmit each of a sequence of 
di?cerent ?xed code activation signals until the user indicates 
a successful transmission. At least one of the sequences of 
activation signals inserts a preset amount of time after each 
activation signal transmission. If user input is not received 
Within the preset amount of time, the next activation signal 
in the sequence is transmitted. 
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USER-ASSISTED PROGRAMMABLE APPLIANCE 
CONTROL 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of US. applica 
tion Ser. No. 11/369,237 ?led Mar. 7, 2006; Which is a 
continuation of application Ser. No. 10/662,160 ?led Sep. 
11, 2003, now US. Pat. No. 7,050,794; Which is a continu 
ation of application Ser. No. 10/630,390 ?led Jul. 30, 2003, 
now US. Pat. No. 7,039,397; the disclosures of Which are 
hereby incorporated by reference in their entirety. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to Wireless remote 
control of appliances such as, for example, garage door 
openers. 

[0004] 2. BackgroundArt 

[0005] Home appliances, such as garage door openers, 
security gates, home alarms, lighting, and the like, may 
conveniently be operated from a remote control. Typically, 
the remote control is purchased together With the appliance. 
The remote control transmits a radio frequency activation 
signal Which is recogniZed by a receiver associated With the 
appliance. Aftermarket remote controls are gaining in popu 
larity as such devices can offer functionality different from 
the original equipment’s remote control. Such functionality 
includes decreased siZe, multiple appliance interoperability, 
increased performance, and the like. Aftermarket controllers 
are also purchased to replace lost or damaged controllers or 
to simply provide another remote control for accessing the 
appliance. 
[0006] An example application for aftermarket remote 
controls are remote garage door openers integrated into an 
automotive vehicle. These integrated remote controls pro 
vide customer convenience, appliance interoperability, 
increased safety, and enhanced vehicle value. Present in 
vehicle integrated remote controls provide a “universal” or 
programmable garage door opener Which learns character 
istics of an activation signal received from an existing 
transmitter then, When prompted by a user, generates a 
single activation signal having the same characteristics. One 
problem With such devices is the dif?culty experienced by 
users in programming these devices. This is particularly true 
for rolling code receivers Where the user must program both 
the in-vehicle remote control and the appliance receiver. 

[0007] What is needed is a universal remote control that is 
easier to program. This remote control should be integrate 
able into an automotive vehicle using simple electronic 
circuits. 

SUMMARY OF THE INVENTION 

[0008] The present invention provides a universal remote 
control that interacts With the user to assist in training to a 
particular remotely controlled appliance. 

[0009] A programmable control for an appliance is pro 
vided. The appliance responds to one of a plurality of 
transmission schemes. The programmable control includes a 
transmitter for transmitting a radio frequency activation 

Aug. 2, 2007 

signal based on any of the transmission schemes and a user 
programming input. Control logic implements a rolling code 
programming mode, a ?xed code programming mode and an 
operating mode. In rolling code programming mode, the 
control logic generates and transmits a sequence of rolling 
code activation signals until user input indicates a successful 
rolling code transmission scheme. In ?xed code program 
ming mode, the control logic receives a ?xed code from the 
user programming input then generates and transmits a 
sequence of ?xed code activation signals until user input 
indicates a successful ?xed code transmission scheme. The 
control logic pauses for a preset amount of time betWeen the 
transmission of each activation signal in at least one of the 
sequence of rolling code activation signals and the sequence 
of ?xed code activation signals. The preset amount of time 
is suf?ciently long enough to permit the user to respond. If 
the user has not responded by the end of the preset amount 
of time, the control unit transmits the next activation signal. 

[0010] In an embodiment of the present invention, the user 
responds by selecting one of a plurality of activation inputs. 
The control unit stores characteristics of the last transmitted 
activation signal in association With the selected activation 
input. In the operating mode, the control logic determines 
Which activation input has been asserted and transmits an 
activation signal based on the stored characteristics associ 
ated With the asserted activation input. 

[0011] A method of activating an appliance controlled by 
a radio frequency activation signal is also provided. If a user 
indicates that the appliance is activated by a rolling code 
activation signal, a sequence of different rolling code acti 
vation signals is transmitted. Each rolling code activation 
signal is separated from the next rolling code activation 
signal by a preset amount of time. The sequence of rolling 
code activation signals is transmitted until the user indicates 
a successful rolling code transmission. Data representing a 
rolling code scheme used to generate the successful rolling 
code transmission is then stored. If the user indicates that the 
appliance is activated by a ?xed code activation signal, a 
?xed code Word is used to generate and transmit each of a 
sequence of different ?xed code activation signals. Each 
?xed code activation signal is separated from the next ?xed 
code activation signal by the preset amount of time. The 
sequence of ?xed code activation signals is transmitted until 
the user indicates a successful ?xed code transmission. Data 
representing the ?xed code Word and a ?xed code scheme 
used to generate the successful ?xed code transmission is 
then stored. An activation signal based on the stored data is 
generated and transmitted in response to an activation input. 

[0012] In an embodiment of the present invention, the 
activation input is one of a plurality of activation inputs. The 
user associates one of the activation inputs With data repre 
senting one of either the rolling code scheme used to 
generate the successful rolling code transmission or the ?xed 
code scheme used to generate the successful ?xed code 
transmission. 

[0013] In another embodiment of the present invention, 
the user associates data representing the rolling code scheme 
used to generate the successful rolling code transmission 
With one of a plurality of activation inputs by indicating the 
successful rolling code transmission. 

[0014] In still another embodiment of the present inven 
tion, the user associates data representing the ?xed code 
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Word and the ?xed code scheme used to generate the 
successful ?xed code transmission With one of a plurality of 
activation inputs by indicating the successful ?xed code 
transmission. 

[0015] A method of programming a programmable remote 
control is also provided. User type input specifying activa 
tion signal type is received. If the user type input speci?es 
variable code type, variable code activation signals are 
transmitted spaced apart by a preset amount of time until 
user success input is received indicating a target appliance 
has been activated. If the user type input speci?es ?xed code 
type, user ?xed code input providing a ?xed code is received 
and ?xed code activation signals are transmitted spaced 
apart by the preset amount of time until user success input 
is received indicating the target appliance has been acti 
vated. The preset amount of time is suf?ciently long enough 
to permit a user to generate the user success input. Infor 
mation specifying an activation signal for activating the 
target appliance is stored based on the received user success 
input. 

[0016] A system for Wirelessly activating an appliance is 
also provided. The system includes a radio frequency trans 
mitter and memory holding data describing a plurality of 
transmission schemes. Control logic is operative to store a 
?xed code. If a ?xed code is stored, a sequence of ?xed code 
activation signals are transmitted based on the ?xed code 
and data held in the memory until input indicating activation 
of the appliance is received. Each transmission of a ?xed 
code activation signal in the sequence of ?xed code activa 
tion signals is folloWed by a ?xed code sequence time period 
Without transmission long enough to permit a user to enter 
input indicating activation of the appliance. If no ?xed code 
is stored, a sequence of rolling code activation signals is 
transmitted based on data held in the memory until input 
indicating activation of the appliance is received. Each 
transmission of a rolling code activation signal in the 
sequence of rolling code activation signals is folloWed by a 
rolling code time period Without transmission long enough 
to permit the user to enter input indicating activation of the 
appliance. An indication as to Which activation scheme 
activated the appliance is stored based on the received input 
indicating activation of the appliance. An activation signal is 
generated based on the stored indication and a received 
activation input. 

[0017] A method of programming a programmable remote 
control is also provided. A test activation signal is transmit 
ted based on one of a plurality of appliance activation 
schemes. If user input indicating appliance activation is 
received during a preset amount of time folloWing transmis 
sion of the test activation signal, characteristics of the 
activation scheme used to transmit the test activation signal 
are stored. OtherWise, a different activation signal is trans 
mitted as the test activation signal based on another of the 
plurality of appliance activation schemes if any of the 
activation schemes has not been used to transmit an activa 
tion signal. 

[0018] The above features, and other features and advan 
tages of the present invention are readily apparent from the 
folloWing detailed descriptions thereof When taken in con 
nection With the accompanying draWings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] FIG. 1 is a block diagram illustrating an appliance 
control system according to an embodiment of the present 
invention; 
[0020] FIG. 2 is a schematic diagram illustrating activa 
tion signal characteristics according to an embodiment of the 
present invention; 

[0021] FIG. 3 is a block diagram illustrating rolling code 
operation that may be used With the present invention; 

[0022] FIG. 4 is a schematic diagram illustrating a ?xed 
code setting Which may be used according to an embodiment 
of the present invention; 

[0023] FIG. 5 is a block diagram illustrating a program 
mable remote control according to an embodiment of the 
present invention; 

[0024] FIG. 6 is a schematic diagram illustrating control 
logic and a user interface according to an embodiment of the 
present invention; 

[0025] FIG. 7 is a memory map for implementing control 
modes according to an embodiment of the present invention; 

[0026] FIGS. 8, 9, 10, 11, and 12 are How diagrams 
illustrating programmable controller operation according to 
embodiments of the present invention; 

[0027] FIGS. 13, 14, 15, and 16 are How diagrams illus 
trating alternative programmable controller operation 
according to embodiments of the present invention; 

[0028] FIG. 17 is a draWing illustrating a vehicle interior 
that may be used to program a programmable controller 
according to an embodiment of the present invention; 

[0029] FIG. 18 is a block diagram illustrating a bus-based 
automotive vehicle electronics system according to an 
embodiment of the present invention; and 

[0030] FIG. 19 is a block diagram illustrating distributed 
control elements interconnected by a vehicle bus according 
to an embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT(S) 

[0031] Referring to FIG. 1, a block diagram illustrating an 
appliance control system according to an embodiment of the 
present invention is shoWn. An appliance control system, 
shoWn generally by 20, alloWs one or more appliances to be 
remotely controlled using radio transmitters. In the example 
shoWn, radio frequency remote controls are used to operate 
a garage door opener. HoWever, the present invention may 
be applied to controlling a Wide variety of appliances such 
as other mechanical barriers, lighting, alarm systems, tem 
perature control systems, and the like. 

[0032] Appliance control system 20 includes garage 22 
having a garage door, not shoWn. Garage door opener 
(GDO) receiver 24 receives radio frequency control signals 
26 for controlling a garage door opener. Activation signals 
have a transmission scheme Which may be represented as a 
set of receiver characteristics. One or more existing trans 
mitters (ET) 28 generate radio frequency activation signals 
26 exhibiting the receiver characteristics in response to a 
user depressing an activation button. 
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[0033] A user of appliance control system 20 may Wish to 
add a new transmitter to system 20. For example, a vehicle 
based transmitter (VBT) including programable control 30 
may be installed in vehicle 32, Which may be parked in 
garage 22. Vehicle-based transmitter 30 generates a 
sequence of activation signals 34 Which includes an activa 
tion signal having characteristics appropriate to activate 
activating garage door opener receiver 24. In the embodi 
ment shoWn, programmable control 30 is mounted in vehicle 
32. HoWever, as Will be recogniZed by one of ordinary skill 
in the art, the present invention applies to universal remote 
controls that may also be hand-held, Wall mounted, included 
in a key fob, and the like. 

[0034] Referring noW to FIG. 2, a schematic diagram 
illustrating activation signal characteristics according to an 
embodiment of the present invention is shoWn. Information 
transmitted in an activation signal is typically represented as 
a binary data Word, shoWn generally by 60. Data Word 60 
may include one or more ?elds, such as transmitter identi?er 
62, function indicator 64, code Word 66, and the like. 
Transmitter identi?er (TRANS ID) 62 uniquely identi?es a 
remote control transmitter. Function indicator 64 indicates 
Which of a plurality of functional buttons on the remote 
control transmitter Were activated. Code Word 66 helps to 
prevent mis-activation and unauthorized access. 

[0035] Several types of codes 66 are possible. One type of 
code is a ?xed code, Wherein each transmission from a given 
remote control transmitter contains the same code 66. In 
contrast, variable code schemes change the bit pattern of 
code 66 With each activation. The most common variable 
code scheme, knoWn as rolling code, generates code 66 by 
encrypting a synchronization (sync) counter value. After 
each activation, the counter is incremented. The encryption 
technique is such that a sequence of encrypted counter 
values appears to be random numbers. 

[0036] Data Word 60 is converted to a baseband stream, 
shoWn generally by 70, Which is an analog signal typically 
transitioning betWeen a high voltage level and a loW voltage 
level. Multilevel transmissions are also possible. Various 
baseband encoding or modulation schemes are knoWn, 
including polar signaling, on-olf signaling, bipolar signal 
ing, duobinary signaling, Manchester signaling, and the like. 
Baseband stream 70 has a baseband poWer spectral density, 
shoWn generally by 72, centered around a frequency of Zero. 

[0037] Baseband stream 70 is converted to a radio fre 
quency signal through a modulation process shoWn gener 
ally by 80. Baseband stream 70 is used to modulate one or 
more characteristics of carrier 82 to produce a broadband 
signal, shoWn generally by 84. Modulation process 80, 
mathematically illustrated by multiplication in FIG. 2, 
implements a form of amplitude modulation commonly 
referred to as on-olf keying. As Will be recogniZed by one of 
ordinary skill in the art, many other modulation forms are 
possible, including frequency modulation, phase modula 
tion, and the like. In the example shoWn, baseband stream 70 
forms envelope 86 modulating carrier 82. As illustrated in 
broadband poWer spectral density 88, the effect in the 
frequency domain is to shift baseband poWer spectral den 
sity 72 up in frequency so as to be centered around the 
carrier frequency, f, of carrier 82. 

[0038] Referring noW to FIG. 3, a block diagram illustrat 
ing rolling code operation that may be used With the present 
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invention is shoWn. Remotely controlled systems using 
rolling code require crypt key 100 in both the transmitter and 
the receiver for normal operation. In a Well-designed rolling 
code scheme, crypt key 100 is not transmitted from the 
transmitter to the receiver. Typically, crypt key 100 is 
generated using key generation algorithm 102 based on 
transmitter identi?er 62 and a manufacturing (MFG) key 
104. Crypt key 100 and transmitter identi?er 62 are then 
stored in a particular transmitter. Counter 106 is also ini 
tialiZed in the transmitter. Each time an activation signal is 
sent, the transmitter uses encrypt algorithm 108 to generate 
rolling code value 110 from counter 106 using crypt key 
100. The transmitted activation signal includes rolling code 
110 and transmitter identi?er 62. 

[0039] A rolling code receiver is trained to a compatible 
transmitter prior to normal operation. The receiver is placed 
into a learn mode. Upon reception of an activation signal, the 
receiver extracts transmitter identi?er 62. The receiver then 
uses key generation algorithm 102 With manufacturing key 
104 and received transmitter identi?er 62 to generate crypt 
key 100 identical to the crypt key used by the transmitter. 
NeWly generated crypt key 100 is used by decrypt algorithm 
112 to decrypt rolling code 110, producing counter 114 equal 
to counter 106. The receiver then saves counter 114 and 
crypt key 100 associated With transmitter identi?er 62. As is 
knoWn in the encryption art, encrypt algorithm 108 and 
decrypt algorithm 112 may be the same algorithm. 

[0040] In normal operation, When the receiver receives an 
activation signal, the receiver ?rst extracts transmitter iden 
ti?er 62 and compares transmitter identi?er 62 With all 
learned transmitter identi?ers. If no match is found, the 
receiver rejects the activation signal. If a match is found, the 
receiver retrieves crypt key 100 associated With received 
transmitter identi?er 62 and decrypts rolling code 110 from 
the received activation signal to produce counter 114. If 
received counter 106 matches counter 114 associated With 
transmitter identi?er 62, activation proceeds. Received 
counter 106 may also exceed stored counter 114 by a preset 
amount for successful activation. 

[0041] Another rolling code scheme generates crypt key 
100 based on manufacturing key 104 and a “seed” or random 
number. An existing transmitter sends this seed to an appli 
ance receiver When the receiver is placed in learn mode. The 
transmitter typically has a special mode for transmitting the 
seed that is entered, for example, by pushing a particular 
combination of buttons. The receiver uses the seed to 
generate crypt key 100. As Will be recogniZed by one of 
ordinary skill in the art, the present invention applies to the 
use of a seed for generating a crypt key as Well as to any 
other variable code scheme. 

[0042] Referring noW to FIG. 4, a schematic diagram 
illustrating a ?xed code setting Which may used according to 
an embodiment of the present invention is shoWn. Fixed 
code systems typically permit a user to set the ?xed code 
value through a set of DIP sWitches or jumpers. For 
example, ?xed code receiver 24 and transmitter 28 may each 
include printed circuit board 120 having a plurality of pins, 
one of Which is indicated by 122, together With support 
electronics, not shoWn. Pins 122 are arranged in a grid 
having three roWs and a number of columns equal to the 
number of bits in the ?xed code value. A jumper, one of 
Which is indicated by 124, is placed in each column strad 
















