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lower or upper limits of a range, the method may even lead to wrong
categorization. The prior art method BACKGROUND OF THE INVENTION
therefore requires the signals to be captured a sec- ond or even a third
time. The present invention generally relates to data   5 compression
techniques. More particularly, the pres-  OBJECT AND SUMMARY OF THE
INVENTION ent invention relates to a compression technique for compressing
formatted code obtained from a recon-    It is an objectof the invention
toovercome the dis- figurable remote control apparatus which can emu-
advantages of the prior art method. It is a further ob- late any one of a
pluralityof transmitters foroonsumer  10  ject of the invention to provide
a method for further products such as televisions, video cassette recor-
compressing remote control signals obtained from a ders and the like.
remote control means. Many consumer electronic products such as tel-    In
accord with the objects of the invention, the evisions, video cassette
recorders, video disc players  method for compressing formatted code
arranges dif- etc. are equipped with hand held infrared remote con-  15
ferent pause time information as elements of a first trol transmitters.
Each consumer product typically re-  array, each element having a
representative element quires its own remote control transmitter due to the
number, and generates a second array with second fact that the hardware of
the electronic product is ar-  array elements from said obtained code and
said first ranged to accept particular frequencies and codes  array element
numbers, wherein said second array only. Thus, while the convenience of
remote control  20  elements are comprised of at least two nibbles (i.e. is
well appreciated, confusion often results due to the  data blocks having a
predetermined number of bits), proliferation of such remote control units.
It is there-  each nibble representing an element number of said fore
desirable to provide a single remote control  first array. The second array
then represents the ob- transmitter for controlling each of several
electronic  tained formatted code. products.
25      It is achieved hereby that the code can be easily Those skillied in
the art will recognize that remote  expanded to regenerate a substantially
identical sig- control transmitters provide a code foreach key avail-  nal
as to what was obtained. Capturing a signal for a able on the transmitter.
In providing a reoonfigurable  second time may be dispensed with. remote
control transmitter which can capture, the     In a further embodiment of
the invention, the codes of a different transmitter, the reconfigurable re-
30   method determines all different burst and pause mote control
transmitter must be provided with ample  lengths and arranges the lengths
as elements of an storage for code data. Because of the number of keys
array, with each element having a representative ele- on each transmitter
and the number of consumer    ment number. Then, the formatted code is
scanned products which are remotely controllable, the data  for all
possible couples of burst lengths and pause storage requirements would
impose a serious burden   35  lengths found together. The "couple"
information as if the code data were not compressed. Therefore, -  well as
the element numbers of the first array are then compression techniques
which are capable of sub-  used to form elements in a third array, with
each ele- stantially compressing obtained code are greatly ad-  ment having
two nibbles. Both nibbles of the third ar- vantageous.
ray element are used to point to an element number A prior art method of
compressing remote control  40  of the first array. Finally, the second
array which rep- signals is disclosed in US Patent No. 4,623,887 to
resents the compressed formatted code is generated. Welles. This prior art
method determines for each sig-  The second array is also formed with
elements having nal to be emulated its burst lengths and pause    two
nibbles, which now point to the third array ele- lengths. All the bursts
and pauses are categorized,  ment numbers and properly represent the entire
for- each category defining to which type (burst or pause)  45   matted
code. it relates and representative for a predetermined     Preferably, the
formatted code is further com- length range. Asequence of categories thus
obtained  pressed by recognizing repeat code or the repeat of constitutes
the compressed signal. For transmission,  an entire key code in the
formatted code. Indications the categories are expanded and for each
category a  that an entire key code or just a particular repeat code
nominal burst or pause length is generated.  50  are to be repeated after
the full key code is completed The prior art method requires for each
particular  may be stored in another array. Thus, repeat informa-
modulation scheme to be learned a predetermined   tion need not be included
in the compressed second setof appropriate categories to be available, each
dif-  array. ferent modulation scheme requiring a different set of
categories. Further, by transmitting the nominal burst  55   BRIEF
DESCRIPTION OF THE DRAWINGS or pause length for each category, the
transmitted length may deviate considerably from its captured     A better
understanding of the invention, and ad- value. When a determined length is
dose to one of the  ditional advantages and objects of the invention will 2



3                   EP 0 320 066 B1                    4 become apparent to
those skilled in the art upon ref-  soft key menu is shown on the dot
matrix LCD 70. The erence to the detailed description and the accompa-
particular functions of the soft keys will be described nying drawings.
hereinafter in greater detail. Figure 1 is a plan view of the
reconfigurable re-   The second set of keys 30 will be recognized by mote
control apparatus according to a preferred   5   those skilled in the art
as being dedicated video cas- embodiment of the invention;
sette recorder (VCR) keys. The eight keys comprising Figure 2 which as
shown in box format comprises  the second set 30 will issue commands to
either the Figures 2a-2d which together constitute a block  main VCR or to
a second VCR if such a unit is select- diagram of the preferred
reconfigurable remote  ed as described hereinafter as being a unit to be
cap- control apparatus;                        10  tured. The second set of
keys 30 are active regard- Figure 3 is a flow diagram for the
microprocessor  less of the LCD menu. of the reconfigurable remote control
apparatus;   The third set of keys 40 is a set which is common Figure 4 is
a flow diagram of the capture module  to television, VCR, as well as cable
TV, audio sys- of Figure 3;                                   tems, etc.
The seventeen keys which comprise the Figures 5a and 5b are flow diagrams
represent-  15  third set 40 include the decimal numbers 42a-42j as ing the
carrier capture module of Figure 4;    well as a volume controls 44a, 44b
(up and down), Figures 6a-6c areflowdiagrams representing the  channel
controls 46a, 46b (up and down), a mute con- carrier frequency code capture
module of Figure  trol 47, an alternate channel control 48, and an enter 4;
control 49. These keys are critical to the control of Figures 7a and 7b are
flow diagrams represent-  20  most electronic products. ing non-carrier
code capture module of Figure 4;  The eleven digital feature keys which
comprise and                                            the fourth set of
keys 50 are used for issuing com- Figure 8 shows a set of arrays which are
useful  mands to the main TV only and are active regardless for
understanding the data compression techni-  of the LCD menu. These keys
control digital feature que used by the remote control apparatus of Fig-
25  functions such as: picture-in-picture(PIP) 51; freez- ure 1.
ing 52 of the PIP picture; freezing of the main picture 53 (STILL); storage
54; recalling 55 of the stored main DETAILED DESCRIPTION OF THE PREFERRED
picture; repositioning 56 of the PIP picture; swapping EMBODIMENT
57 of the main and PIP pictures; channel scanning 58; 30  and sequential
picture strobe 59. Turning to Figure 1, a user's view of the reconfig-
Finally, the fifth set of keys 60 are the system and urable remote control
apparatus 10 is seen. As will be  power keys to turn the unit on and off
and to indicate described in detail hereinafter, the remote control 35
which of the products is to be operated or captured. apparatus 10 is
operated in two major modes. A first  The system keys 63-68, in essence,
redirect power mode permits a user to capture the codes of remotely  35
keys 61-62, key set40, and the soft keys 20. The pow- controllable products
from their remote control trans-  er keys include a power on key 61 and a
power off key mitters. The code is then compressed and stored. A  62. The
system TV key 63 is reserved for operating second mode permits the user to
control and operate  the main TV. Likewise, the VCR key 64 is reserved for
a plurality of remotely controllable consumer prod-  operating orcapturing
the main VCR. Furtherthe C8L ucts whose code has been captured (or is known
and   40  key 65 is reserved for a cable system, while key 66 available in
preprogrammed memory) by expanding   is reserved for an audio system. The
audio system the stored code for the particular product and trans-  may be
a remote amplifier, tuner, compact disk play- mitting the same. Thus, as
seen in Figure 1, remote  er, or tape player as chosen by prompting which
will control apparatus 10 includes a user keyboard 15  be described
hereinafter. Auxiliary keys 67 and 68 (with associated circuitry shown in
Fig. 2) having five  45  are provided for auxiliary systems such as a
second sets of keys or buttons 20, 30, 40, 50, and 60, and a  TV, second
VCR, second cable, video disk, or satellite dot matrix liquid crystal
display 70 to help accomplish  receiver, as desired by the user. Those
skilled in the the capture of remote control codes of electronic  art will
recognize that additional products could be products and thereafter to
control and operate those  permitted to be programmed on the auxiliary keys
66 products. The keyboard 15 is preferably a rubber pad  50  and 67 if
desired. Indeed, additional keys could be type in a seven by eight matrix
format While fifty-six  provided for additional systems beyond the six per-
keys would be permitted, only fifty-two are defined in  mitted according to
the shown embodiment, provided the preferred embodiment.
of course, that enough memory is provided for stor- Afirst set of keys 20
are "soft keys" which are de-  age of the obtained information. fined by
the apparatus 10 as required according to  55  As Indicated in Figure 2,
apparatus 10 includes the particular software module which is being used.
much more than just a keyboard(user operable se- The dot matrix LCD 70 is
instrumental in permitting  lector means") 15 and a LCD display 70. The
appara- the eight soft keys 20 to change their meaning as a  tus 10
preferably also includes an infrared receiver 3    
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means") 110, capture logic 120, an 8K by  prises the microprocessor 200 and
its associated 8 RAM 130 and a 16K by8 ROM 140 (both comprising   ROM 140.
The "prompting means" provides the infor- "memory means"), bank select and
address decode    mation which directs the user in an expedited manner
logic 150, capture/operate selection logic 160, power  how to capture the
code of another remote control de- up reset circuitry 170, keyboard
interrupt logic 180,   5   vice. The actual display of the information
provided by operate wakeup logic 190, a microprocessor 200,    the
prompting means can be on the LCD display 70 power and dock section 210,
and an infrared trans-  of the apparatus 10 itself. If desired, however,
the in- mitter ("transmitter means") 220.                  formation
provided by the prompting means can be Before discussing the circuitryof
apparatus 10 in  sent to and shown by a television (not shown) under
detail, it will be appreciated that the provided circuitry  10  the control
of the apparatus 10. performs various functions. Thus, a firstfunction isto
Turning to Figure 2, and particularly to Figure 2a, determine whetherthe
signals being transmitted from  the circuitry for capturing the control
code of another a remote  control transmitter to be emulated (not  remote
control apparatus Is seen. An infrared receiv- shown) is comprised of
pulses separated by pauses  er means 110 includes a light-activated diode
112 or whether the signals are comprised of bursts of  15   which has its
anode connected to a first input of com- pulses at a carrierfrequency
separated by pauses. In  parator (op amp) 113, and its cathode connected to
a order to do the same, "distinguishing means" com-  six voltvoltage
source. Theanode of diode 112 is also prised of the capture logic 120, the
microprocessor  connected to another input of comparator 113 via re- 200,
and the clocking means of power and clock sec-  sistor 114. With the
provided arrangement, including tion 210 cooperate in a manner which will
be dis-  20  resistors 115, 116 and 117, and capacitor 118, the cussed
below. If it is determined that the received sig-  comparator 113 produces
a digital (zero to five volt) nals are of the non-carrier-type protocol
(pulses sepa-  signal that follows the incoming infra-red signal. rated by
pauses), a second function of the circuitry is  Thus, the receiver means
110 compares the refer- to determine the pause length between each pulse.
ence voltage applied to its pin 2 with the voltage ap- This function is
accomplished by "processing means"  25  plied to pin 3. The voltage at pin
3 varies as current which is basically comprised of the  microprocessor
flows through the diode 112 upon receipt of an infra- 200 and its
associated docking section 210. If it is de-  red signal. When a
differential voltage occurs be- termined that the received signals are of
the carrier-  tween pins 3 and 2, the output of comparator 113 type
protocol, the "processing means" (which may   switches high and low
accordingly. Resistor 115 acts further include capture logic 120) has the
function of  30   as a pull-up for the open-collector output of the com-
determining the carrier frequency as well as timing  parator 113. Thus, the
output voltage of infrared re- the duration of the pulse burst and pauses.
Further,  ceiver 110 goes high in accord with the signal re- based on the
determination of the type of signal being  ceived by diode 112, and the
voltage is properly received as well as the timing of that signal, the
"proc-  scaled (digitally) by the circuitry such thatthe capture easing
means" is arranged to perform a function of  35  logic circuitry 120 and
microprocessor 200 can make taking the information and sending it to
RAM("mem-  proper determinations. ory means") or storage. Of course, before
storing, the  The output of infrared receiver means 110 is re- received
information, is preferably reduce (i.e. com-  calved by the capture logic
circuitry which basically pressed). Thus, a "compression means" which is
comprises a four bit counter 122, an eight bit counter comprised of the
processing and internal memory  40   125, inverters 126 and 127, and AND
gate 128. The sections of the microprocessor 200 as well as the as-
function of four bit counter 122 is to primarily to count sociated ROM 140
which contains control software   the output voltage cycles of receiver
means 110, and for the microprocessor is used to conduct such a com-  the
four bit counter is connected to the output of re- pression scheme
according to a preferred data com-  celver means 110 via inverter 126. The
function of pression technique discussed hereinafter. Once the   45  eight
bit counter 124 primarily to measure the time information is stored In a
compressed format in RAM  period that the output from the receiver means
110 is it is available for selection via the keyboard and ex-  low, and
eight bit counter 124 is connected to the out- pansion by the "transmitter
control mean" which is  put of receiver means 110 via AND gate 128. The in-
comprised of at least the microprocessor. The ex-  ternal timer/counter of
the microprocessor 200 Is panded code may then be sent to the transmitter
50   used together with the counters 12Z and 124 and de- means such that
the transmitter means may send It  termines the length of time the output
of the receiver according to the protocol acceptable to a remote de-  means
110 is high. Microprocessor 200 is connected vice which is to be operated.
to the output of receiver means 110 via AND gate 128, With regard to
apparatus 10, it should further be  to counter 122 via inverter 127, and to
eight bit coun- appreciated that the circuitry further provides a   55  ter
124 via direct lines. prompting function for helping the user to step
In operation, as will be described hereinafter In through the capture
(programming) sequence. Thus   greater detail, a determination of the
signal type is a "prompting means" is provided and basically com-  made by
arranging the apparatus 10 and the remote 4    



7                   EP 0 320 066 B1                     8 control device to
be emulated "head to head" and by  The value stored for the microprocessor
counter is pressing any key of the remote control device to be  seen to
represent the amount of time (in microseo- emulated. In the capturing mode
where signal type  onds) that the received signal was high, while the dif-
(e.g. pulses and pauses, or bursts at a carrier fre-  ference of the values
for the counter 124 represents quency) is being determined, counters
122,124, and   5   the length of time the signal was low. By adding the the
internal counter of microprocessor 200. The out-  high and low time and
dividing by seven, the micro- put of AND gate 128 will be low when no
signal is re-  processor determines the carrier frequency. ceived by the
receiver means 110, and therefore the   Before turning tothe mannerof
capturing the car- CCKN and RCK inputs of the counter 124 go low thus
rier-type and pulse-type codes, it should be appreci- enabling the counter
which will increment. Also, with  10  ated that the aforedescribed means
and method for the output of AND gate 128 low, the timer pin of the
distinguishing between the code types is based on microprocessor will be
brought low thereby disabling  the recognition that cycle repetition for
pulse-type the internal counter clock. Upon receipt of an IR wa-  codes is
neverquickerthan fiftymicroseconds. Thus, veform, the output of receiver
means 110 goes high  with the pulse-type transmitters of the art, will
never thereby causing output IQ0 of the four bit counter 122   15
accomplish seven complete cycles within the allotted to go high. Because
input D5 of the microprocessor  three hundred and fifty microseconds. On
the other 200 monitors output IQO of the four bit counter 122,  hand, the
carrier-type IR transmitters, bursts of puls- upon the low to high
transition of output IQ0, the mi-  es of a carrier frequency are
transmitted. Since a croprocessor reads the count of eight bit counter 124.
pulse burst will always include at least seven full cy- In order for the
count of counter 124 to be read, the   20  cles, and the cycle time is
never as much as fifty mi- count of the counter is latched to outputs QA-QH
by  croseconds, seven complete cycles will be completed the rising edge of
the RCK input to the counter.   within  the three hundred and fifty
microseconds. Itwill be appreciated that as the IRwaveform rep-  Those
skilled in the art will appreciate however, that resented by the digital
output of receiver 110 goes  other lengths of time and cycle number
thresholds high and low, the clocks of the eight bit counter 124   25
could be utilized provided the carrier-type and pulse- and the internal
counterof microprocessor200 are al-  type transmitters will be
distinguished thereby. ternately activated. Simultaneously, the four bit
coun-  Once a determination is made as to the type of ter 122 is
incrementing each time a cycle (e.g. rising  transmitter that is to be
emulated, the capture of the edge to rising edge) is completed. In the
preferred em-  code for each of the transmitter keys may proceed. bodiment
of the invention, if seven full cycles of the   30  According to the
preferred embodiment of the inven- IR waveform are received within three
hundred and  tion, and as will be described in greater detail herein- fifty
microseconds after the first high signal, the IQ3  after, the prompting
means of the apparatus 10 (e.g. output of counter 122 goes high, and the
captured IR  the ROM 140 and microprocessor 70) is arranged to waveform is
recognized as a carrier-type. However, if  cause the LCD display 7Cto
instructthe user to press seven full cycles of the IR waveform are not
received   35  the keys of the remote control to be emulated in a cer- in
the allotted time, the IR waveform is identified as  tain order. As before,
the IR waves are received by a non-carrier type (i.e. pulse-type). In this
case, the  light-actuated diode 112, and a digital signal repre- counters
are all reset.                            senting the waves is seen atthe
outputof the receiver Where the received waveform is a carrier-type,  110.
Regardless of whether the received code is of and the IQ3 output of counter
122 goes high, inverter  40  the pulse-type or carrier type, the internal
software 127 inverts the IQ3 output of counter 122, and AND  counter of
microprocessor 200 is cleared and a timer gate 128 is forced low. With one
input into AND gate  count table is initialized. Likewise, the four bit
counter 128 being low, the output of receiver 110 is no longer  122 is
cleared and held clear so that its output at IQ3 gated through to either
the eight bit counter 124 nor  is low. With a low IQ3 output, the inverter
127 pro- to the internal counter of the microprocessor. At this  45  vides
a high signal to AND gate 128. Thus, the timer point in time, the final
count of the eight bit counter  of microprocessor 200 will see the binary
equivalent 124 is latched onto its output pins QA-QH as the RCK  of the
signal being received by receiver 110. If the re- input into the counter
124 is quickly pulsed due to gate  ceived code was determined to have been
of the delays ofthe inverter 126 and the four bit counter 122.  pulse-type,
the software counter is incremented upon As indicated in Fig. 2a, the input
D3 to micropro-  50  receipt of a high signal from the receiver means 100
cessor 200 monitors the output of inverter 127. Thus,  (i.e. the receiver
has received a pulse). The software wen the output of inverter 127 goes
low, the micropro-  counter then continues to increment even when the
cessor 200 is informed that seven complete cycles of  signal to the
timergoes low until the occurrence of the the input signal have been
received. The micropro-  next high signal (pulse) at the timer of the
micropro- cessor then compares the starting and ending values  55  cessor.
When this second pulse is detected the soft- (counts) for the eight bit
counter 124 and saves that  ware countervalue is stored into the timercount
table. count, reads the value of the internal counter and  If the table is
exhausted, the sampling is terminated. saves that count, and then resets
all the counters.  If the table is not exhausted, the sampling continues. 5
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determination of the time between pulses,  INT2 into the microprocessor
200. During the reading the waveform for the particular key of the
pulse-type  of INT2, pin 10 (port B7) of the microprocessor Is driv-
transmitter may be emulated. This is so due to the fact  en high. As a
result, pin 13 of NAND gate 163 goes that pulse-type waveforms have a
relatively consis-  high, thereby permitting the position of switch 162 to
tent pulse width of from ten to twenty microseconds.   5   dictate the
state of the output of NAND gate 163. Thus, by determining the total time
between the start  Thus, when switch 162 is in the capture position, the of
two pulses, the pause time between pulses can be  output of NAND gate 163
goes low, and inverter 164 determined by subtracting ten (or uptotwenty)
micro-  supplies a high input into port INT2. When switch 162 seconds from
the total time. The pulse may then be  is in the operate position, NAND
gate 163 supplies a reconstructed by emitting a pulse of ten (or up to  10
high signal to inverter 164, which in turn supplies a twenty) microseconds
followed by the determined    low signal to the INT2 input of
microprocessor 200. pause.
The capture/operate logic 160 also provides an The code for a key of the
carrier type transmitter  external timeout function. If the switch 162 is
switch- may be captured in a similar manner to that of the  ed from operate
mode to the capture mode, the RC pulse-type. With four bit counter 122 and
the internal  15  circuit comprised of resistor 165 and capacitor 166 is
software counter cleared and a timer count table ini-  arranged to provide
a time-out of approximately tialized, the software counter is incremented
upon re-  twenty-two seconds. If no signal is received by re- ceipt by the
timer of the microprocessor 200 of a high  ceiver means 110 during that
time, NAND gates 163 signal. The software counter is continually increment-
and 164 are arranged such that an interrupt sig nal wi 11 ed as long as the
carrier is present. The presence of  20  appear (at INT2) at the
microprocessor 200. the carrier is determined by monitoring the signal at
Power-up reset circuit 170 ensures that the mi- the timer input. If the
signal at the timer changes over  croprocessor 200 will properly reset when
a new bat- a short period of time (e.g. less than fifty microsec-  tery of
power and timer section 210 (see Fig. 2c) is onds), then the carrier is
considered to be present.  inserted. As long as a battery is in place,
transistor Once the timer signal is static, then the carrier is no   25
172 is off and the NOT reset input into microprocessor longer present and
the value of the software counter  is high due to an internal pull-up
resistor. When the is stored into the timer count table. The software
battery is removed, transistor 172 turns on due to re- counter is then
zeroed and incremented continually  sistor 176 driving the base low, and
the capacitor 174 again until a carrier is again detected at the timer. if
instantaneously discharges. This assures that if con- the software counter
reaches its maximum value, it is  30  tact bounce occurs during battery
insertion, a valid assumed that no IRwaveform is presentand the sam-  reset
will occur each time contact is broken. Upon fi- pling is terminated. If a
carrier is detected before the  nal insertion of the battery, transistor
172 turns off al- software counter reaches its maximum, the "carrier
lowing capacitor 174 to charge via the internal resistor pause" count is
stored into the timer table. Sampling  of the NOT RES input. This RC
combination provides then continues as described until the table is
exhaust-  35  the proper rise time to reset the microprocessor. ed.
Keyboard Interrupt logic 180 provides another It will be appreciated that
by timing the length of  function for the apparatus 10. Thus, if the
micropro- the carrier signal (burst length) as well as the pause  cessor is
in the operate/sleep mode, or if the micro- time between signal bursts, all
modes of carrier-type  processor is conducting certain portions of the cap-
code may be reconstructed. This is so because the   40  ture process as
will be discussed hereinafter, the frequency is already known due to a
determination  pressing of a key of keyboard 15 will cause an inter- made
when the signal type was determined.          rupt to occur. The interrupt
occurs as a result of a pos- Turning to Figure 2b, other aspects of the
inven-  itive signal into OR gate 182, which responds with a tion may be
understood with reference to the hard-  high output. Inverter 184 in turn
Inverts the high OR ware. As previously indicated, the apparatus of the in-
45   gate output to provide a low signal to a NOT INTER- vention has two
major modes: a capture mode where  RUPT input of microprocessor 200. It
will be appreci- the apparatus 10 is capturing the code of other re-  ated
that the positive signal into OR gate 182 is pro- mote control systems, and
an operate mode where    duced by the voltage dividers consisting of R4-R10
the apparatus 10 is being used to operate and control  and R11-R18 (of
Figure 2a) which act as a scanner of consumer products. (It should be noted
that within the   50  keyboard 15. With one input (pin 12) of NAND gate
operate mode there is an active mode where user    185 in a low state, the
output of NAND gate 185 will control is being exercised, and a sleep mode
which  be high. With the other input (port AO of the micropro- conserves
energy when no instruction have been re-  cessor) into NAND gate 186 being
set high, the output ceived for a predetermined length of time). Thus, a
of NAND gate 186 will be low. Thus, a key closure will switch 162 which Is
manually controllable is provided  55   pulse OR gate 182 with a voltage of
approximate- as part of the capture/operate selection logic 160 to  ly
.8xVCC. inform the microprocessor 200 as to which mode Is     An additional
function of operate wake-up logic desired. The mode is determined by
reading the input  190 comprised of NAND gates 185, 186 and associ- 6    



11                 EP 0 320 066 B1                     12 ated circuitry,
is to produce an interrupt via the NOT  70. Because the microprocessor 200
has no on-board INT port of microprocessor 200 when switch 162 is  ROM, the
lower 8K of ROM is mapped in such a way moved from the operate to the
capture position during  that if an address in the range OOOOH to IFFFH is
ac- the sleep mode. With switch 162 in the operate posi-  cessed, the ROM
will be selected. The upper 8K of tion, the pin 12 input into NAND gate 185
is low there-   5   the ROM memory is part of the bank select scheme.
byforcing the outputof NAND gate 185 high. With port  It will be
appreciated that the RAM 130, the ROM AO In the high state, and the output
of NAND gate 185  140, and the LCD 70 all share a common data bus also
high, the output of NAND gate 186 will go low,  145. Thus, the bank select
and address decode logic thereby producing a low on all the inputs of
OR-gate  150 provides for the proper selection of the desired 182. The
resulting low signal on the outputof OR gate  10  component in the system.
The RAM and LCD are 182 is inverted by inverter 184 which holds the NOT
mapped  strictly into the address range 2000H to INT port high. Thus, the
microprocessor 200 will not  3FFFH, while the ROM covers the full
addressing be interrupted. However, when switch 162 is placed  range of
OOOOH to 3FFFH. However, using three con- in the capture position, a high
signal is placed on ca-  trol signals from the microprocessor 200, and
inver- pacitor 187. This high signal is propagated to the pin  15  ters
151, and 152, AND gates 153, 154, and 155, and 12 input of NAND gate 185.
Because the pin 13 input  NAND gates 156,157,158, and 159, the propercom-
into NAND gate 185 is already high, the high pulse on  ponent is selected
as will be appreciated by those pin 12 produces a low pulse on the output
of NAND  skilled in the art. gate 185 which is inverted by NAND gate 186.
As a     Turning to Figure 3, a top level flow diagram for result, the
inputs into OR gate 182 are high. With a   20  the microprocessor 200 of
the reconfigurable remote high output of OR gate 182 being inverted by
inverter  control apparatus 10 is seen. Upon insertion of a bat- 184, a low
signal is generated at the NOT INT port of  tery at 300, the microprocessor
200 is reset (cold microprocessor 200 with a resulting interruption.
start) at 305 as its reset input is toggled by the afore- Turning to Figure
2c, the powerand timing means  described reset circuitry 170. Because the
reset rou- 210 of apparatus 10 is seen and includes a battery  25  tines
are not critical foran understanding of the inven- source 211 and
associated circuitry which provides a  tion, theywill not be discussed in
detail herein. Those voltage which powers both the microprocessor 200
skilled in the art will understand, however that during and the other
circuitry. Power and timing means 210  a cold start reset the
microprocessor 200 as well as also includes a crystal 212 in parallel with
a resistor  its associated circuitry (with the exception of ROM 213 and
capacitors 214 and 215 for providing the de-  30  140) are initialized to
their proper starting values. Af- sired internal clock for the
microprocessor 200. Power  ter initialization, the microprocessor
determines at and timing means further includes a conventional DC  310
whether the capture/operate switch 162 is to DC converter 216 and
associated circuitry which is  switched into the capture position. If the
user has used to maintain a constant voltage (approximate-  placed the
switch in the capture position, the micro- ly .5V) which is necessary for
maintaining a consis-  35  processor 200 enters at 315 its capture mode
which tent contrast ratio on the LCD display 70.        is described in
detailwith reference to Figure4. As will Also seen in Figure 2c is the
infrared emitter  be indicated hereinafter, completion of the capture means
220. Upon an appropriate signal from the mi-  mode is had due to a timeout
measured by timeout croprocessor 200, transistor 221 is powered, thereby
circuitry 165 and 166, due to completion of the cap- 'causing it and
transistor 222 to turn on. With transis-  40  ture sequence, ordue to
movement of switch 162 into tor 222 being on, current will flow through
light emit-  the operate mode. Upon completion of the capture ting diodes
224 and 226, and infrared rays of the prop-  mode, the microprocessor 200
enters at 320 a time- er frequency with proper burst length separated by
out, standby and activate module. Thus, at 320 a de- desired pause times
will be emitted if a carrier-type  termination is made whether no key
closures have oc- wave is being emulated. Otherwise, infrared rays of  45
curred within another predetermined amount of time. a pulse length of ten
to twenty microseconds spaced  If no key closures occur, the microprocessor
200 will by pauses of determined lengths will be emitted for  place the
apparatus 10 into a "sleep" or "standby" the pulse-type wave to be
emulated.               mode where battery power is conserved. Once in In
Figure 2d, the RAM 130 and ROM 140, and the  sleep mode, a key closure will
cause keyboard inter- bank select and decode circuitry 150 for addressing
50  rupt logic 180 to interrupt the microprocessor sleep the same is shown.
The RAM 130 Is preferably an 8K  routine and activate the microprocessor.
Or, if the by 8 RAM used mainly for storage of captured code  switch 162 is
moved into the operate position, operate Information. Battery backup is
provided via a three  wakeup logic 190 will likewise cause the sleep
routine volt lithium battery 131 with diode isolation via diode  of
microprocessor 200 to be Interrupted. Regardless, 132. The RAM is memory
mapped and is part of the  55  upon activation, the microprocessor
exercises at 325 bank select scheme. The ROM 140 is preferably a   Its warm
start initialization module which resets vari- 16K by 8 ROM containing all
control software for the  ables, ports, and RAM location values.
microcontroller, and the text for controlling the LCD  Returning to step
310, if the switch 162 is in the 7    



13                 EP 0 320 066 B1                 14 operate position, the
output of the user keyboard is  microprocessor determines at 355 whether
two pre- scanned at 330. First a determination is made at 335  determined
keys are simultaneously closed to place as to whether the VCR Record key of
keys 30 has   the microprocessor into a self-test module at 360. been
pressed simultaneously with the VCR or CBL   Again, because the details of
the self-test module are power key of keys 60. If so, at 340 the VCR and
cable   5   not particularly important for purposes of the instant
converter identification module is entered. The pur-  invention, they are
not discussed in detail. As with the pose of the module is to permit the
apparatus 10 to  identify module 340, and the system selection mod- control
a VCR or cable system, and towards that end  ule 350, upon completion of
the self-test module 360, the infrared codes of various VCR and cable
systems  the microprocessor returns to block 320. are stored in ROM 140.
Thus, at 340, the micropro-  10  If the two predetermined keys representing
the cessor 200 causes the LCD 70 to display the follow-  self-test sequence
were not pressed at 355, the mi- ing:
croprocessor determines at 365 whether the Record Random
and Play keys of the VCR have been pressed simul- Search
taneously. If so, the microprocessor enters the record with the top left
button of the eight soft buttons 20 be-  15  key number adjustment module
at 370. In the record ing used for Random, and the bottom left button being
key number adjustment module when a key is press- used for Search. If the
top left button is pressed, the  ed and the keyboard read, an associated
key or index LCD will prompt the following:                    number is
generated. This index number is then used Enter two digits from look up
table           to determine which function is to be transmitted. The user
will then have five minutes to enter the first  20  Since a double key
closure produces two numbers, a digit and two more minutes to enter the
next digit cor-  predetermined index number for RECORD must be responding
to a two digit code for the brand names of  substituted into the variable
designated as the final various VCR's or cable. If an incorrect key is
pressed,  index to be used for function retrieval. Upon exiting an error
message will appearon the LCD and the user  the record module, the provided
information is sent at will be given an opportunity to try again. If no
digit is  25  375 to an interpretation and transmission  module
entered,themicroprocessorwillexittheidentifymod-  were the microprocessor
determines what infrared ule 340 and go to timeout, standby, and activate
mod-  code must be sent to the remote VCR and sends sig- ule 320.
nals to the transmitter section 220 so that the infrared If instead of the
top left "Random" button being  code can be generated by the light-emitting
diodes selected, the user selects the bottom left button and   30  224 and
226. After the transmission of the code, the holds the button, the
microprocessor will initiate a  microprocessor returns to the timeout,
standby, acti- search mode. The microprocessor 200 will cause the  vate
module 320. transmitter section 220 to send five channel up com-  If the
Record and play keys of the VCR keys 30 mands for each type of VCR or cable
system whose  have not been pressed, the microprocessor determi- code is
stored in ROM 140. The user can then release  35  nes at 380 whetherthe
pressed keys are valid entries. the "Search" key when the VCR or cable
system     If the first key pressed was an LCD soft key 20, the starts
responding to the transmitted commands.    TV menu will appear on the LCD
and the TV com- If the VCR Record and VCR or CBL power keys    mand
selected will be sent at step 375. Or, if the first have not been pressed
simultaneously, the micropro-  key pressed is one of the group 40, the LCD
will re- cessor 200 determines at 345 whether any of the sys-  40  main off
and the commands will be sent at step 375 tem keys 60 have been pressed. If
so, the micropro-  to the main TV. Further, if the first key pressed is one
cessor 200 enters the system selection module at  of the VCR dedicated
group of keys 30, the command 350. Thus, if a system key 60 has been
pressed, the  will be sent at step 375 to the last selected VCR. If no last
used LCD soft key menu for that system will ap-  VCR has been identified at
step 340, nor captured in pear on LCD 70. At this time the eight soft keys
20,  45  the capture module, the default system code will be the two power
keys 61 and 62 and the seventeen vol-  sent. ume and channel control keys
40 will issue com-      The broad flow of the capture module of step 315
mands for the selected system. The same system key  is seen in Figure 4.
Thus, after entering the capture may be pressed again to advance to
subsequent LCD  module at 415, the user is prompted by the LCD 70 soft key
menus for that system, or, if desired, another  50  at 417 to select a
system by pressing one of the six system key may be pressed to select
another system.  system keys of keys 60. The selected system is then If
another system key is pressed, the last used LCD  shown with a two letter
code at the very edge of the soft key menu for the new system will appear
and  LCD 70. Upon selecting a system, the remote control control will
resume as afore-described. After the mi-  transmitter of the system to be
captured must be croprocessor has stepped through the system selec-  55
placed head to head with the transmitter 220 of ap- tion module, the
microprocessor returns to timeout,  paratus 10 to permit capture.
Thereafter, all informa- standby, activate module at 320.
tion sent to LCD 70 is displayed as a prompt as indi- If a system key had
not been pressed at 345, the  cated at 420, and is arranged upside down on
LCD 70    15                  EP 0 320 066 B1                 16 



such that the user will be easily able to read the mes-  steps 420,
425,430, and 435 are repeated. If no sys- sages while operating the keys of
the remote control  tem key is pressed at 440, the microprocessorthen in-
system to be captured. The changing of the LCD dis-  structs the LCD 70 at
445 to indicate which key is to play may be effected by either causing the
informa-  be pressed on the other system so that its code can tion to be
sent in a different manner from micropro-   5   been captured. Of course,
depending on the code cessor 200, or, if LCD 70 has any intelligence con-
type (pulse or carrier), a different algorithm is utilized nected
therewith, by sending a control signal to the  to capture the code. Thus,
at 450 a decision is made LCD and having it internally rearrange the
received in-  by the microprocessor based on the code type cap- formation.
Regardless, at 425 the microprocessor en-  tured. If the code type is a
carrier-type code, the car- ters the carrier capture module where a
determina-  10  rier code capture module (described in detail with ref-
tion is made as to whether the remote control code to  erence to Figures
6a-6c) is entered at 455. On the be captured is of the pulse-type protocol
or of the car-  other hand, If the code is a pulse-type code, the pulse
rier-type protocol. Also, in the carrier capture module,  code capture
module (described with reference to if the code to be captured is of the
carrier-type proto-  Figures 7a and 7b) is entered at 460. col, the
frequency of the carrier is determined.  15  The modules 455 and 460 may be
exited in any Turning to Figures 5a and 5b, the details of the  of several
manners. Thus, if no instructions are re- flow of carrier capture module of
step 425 is seen.  ceived bythemicroprocessorfromtheuser. Themod- Thus,
upon entering the module at 525, the RAM 130  ules are exited at 465 via
timeout, Or, if switch 162 is is initialized and the counters described
with refer-  moved into the operate position, the modules are ex- ence to
Figure 2 are cleared at 530. At 535, a deter-  20  ited at 470. At 475, the
modules may be exited by the mination is made as to whether infrared rays
are be-  pressing of a system key 60. If such a system key is ing received
by receiver 110. If not, the system waits  pressed, the microprocessor
program returns to step until the rays are received or until an interrupt
occurs  442 where the LCD display is modified. as at 540 due to a timeout,
the pressing of a keyboard  If modules 455 and 460 are not exited at
465,470, key, or the switching of capture/operate mode switch.  25  or 475,
the completion of code capture may be expe- If an interrupt occurs, the
carrier capture module is  dited as indicated at 480 by scrolling through
the exited as will be described hereinafter. If no interrupt  prompts of
the modules. As will be indicated herein- occurs, when the IR rays are
detected, the count of  after, because the apparatus 10 steps the user
eight bit counter 124 is fetched and saved at 540. The .  through the keys
to be pressed on the remote to be microprocessor then determines at 545
whether sev-  30  captured in a predetermined sequence, it is desirable en
cycles have been sampled. If seven cycles have  to permit the user to
scroll forward or backward not been sampled, a determination is made at 550
as  through the sequence to avoid repetition if some code to whether three
hundred and fifty microseconds    has already been captured. Scrolling is
provided by have elapsed. If not, the program return to step 545  using
soft keys 20 which are labelled by the LCD for and back to step 550 until
either seven cycles have   35  that purpose while in the code capture
modules. been sampled or the three hundred and fifty micro-  Thus, if the
user scrolls through the prompts to a de- seconds have elapsed. If seven
cycles are sampled  sired prompt, at 485 the LCD is directed to display the
before the time elapses, the counts of the internal  key to be captured.
Then the program returns to step counter of microprocessor 200 and the
count of the  445 where the capture process continues. If the user eight
bit counter 124 are read and stored at 555. Then,  40  scrolls through to
the end of the prompt messages for in accord with above description, the
carrier frequen-  a device to be captured, a wrap-around causes the cy is
calculated at 560 and the subroutine is exited at  first prompt message to
reappear. 570. If, on the other hand, the time elapses before   If the
modules of steps 455 or 460 are not exited seven cycles are sampled, the
sampled code is of the  at 465, 470, 475 or 480, a determination is made at
pulse type, and a timeout flag is set at 565 to stop the   45  490 as to
whether the capture of the remote code is sampling and to note the
indication of a pulse-type  complete. If the capture is complete (i.e. the
last code. Again, the subroutine is exited at 570.      prompt of the
prompt sequence has been completed Returning to Fig. 4, and as indicated
above, dur-  and the last function has been captured), the micro- ing and
after the carrier capture module 425, the en-  processor returns to step
320 of Figure 3. Otherwise, tire capture module of step 315 may be exited
in any   50  the LCD is directed at step 485 to change the prompt of three
ways; via a timeout as indicated at 430; via a  number, and the program
returns to step 445 where key closure; or by switching switch 160 Into the
oper-  the new key to be captured is displayed on LCD 70. ate position as
indicated at 435. If neither a timeout  Turning to Figure 6a-6c, a
flow-chart of the code nor a switch change occurs, the microprocessor de-
capturing algorithm for carrier-type codes is seen. termines at 440 whether
another system key 60 has  55   The algorithm starts at 655 when it is
determined that been pressed. If another system key is pressed, a  code for
a carrier-type system is to be captured. At new two letter code is
generated at442 and shown on  656, the RAM 130 is Initialized and the
counters de- the LCD 70 for the new system being captured. Then  scribed
with reference to Figure 2 are cleared. At 658 9    17                 EP 0
320 066 B1                  18 



a determination is made as to whether infrared rays  ing of capture/operate
mode switch. If an interrupt oo- are being received by receiver 110. If
not, the system  curs, the carrier capture module is excited as was pre-
waits until the rays are received or until an interrupt  viously described
with reference to Figure 5. occurs as at 661a due to a timeout, the
pressing of a  If an infrared signal is received at receiver 110, keyboard
key, or the switching of capture-operate   5   the four bit counter 122 and
the software counter of mode switch. If an interrupt occurs, the carrier
cap-  microprocessor 200 are cleared at 766 (during the ture module is
excited as was previously described  length of the ten to twenty
microsecond pulse) and with reference to Figure 5.
the software counter is incremented at 768. The soft- Upon detected by
receiving means 110 of a car-  ware counter continues to increment until
either it rier, the software counter of microprocessor 200 is in-  10
reaches it maximum value at 770 at which time the cremented at 860 and as
indicated at 662 continues  software count is saved into RAM 130 at 785 and
the to be incremented as long as the carrier is active re-  subroutine is
exited at 790, or until a determination is gardless of whether the signal
is high or low at a par-  made at 772 that a new pulse has been received.
If a ticular time. In other words, the software counter is  new pulse is
received, the count of the software coun- measuring the length of a burst
which is comprised of  15  ter is stored into RAM at 780. In this mannerthe
pause many cycles. When the burst is finished, the count of  time of the
pulse-type code may be determined by the software counter is saved into RAM
at 664 and the  subtracting ten microseconds from the total cycle counter
is reset. Then, at 666, a determination is  time. Once the count is saved
into RAM at 780, a de- made as to whether the counter value is at its maxi-
cision is made at 782 as to whether one hundred mum. If the counter value
is not at its maximum, the   20  twenty-eight counts have been saved,
representing software counter increments at 672 and a determina-  the
length of one hundred twenty-eight complete cy- tion is made at 674 as
towhetherthe carrierhas start-  cles. If a suitable number o: counts (e.g.
one hundred ed again. If the carrier has not started again, and the  and
twenty-eight) have been saved, the microproces- counter value does not
reach its maximum, the soft-  sor exits the subroutine at 790. Otherwise,
the micro- ware counter continues o Increment. Upon reaching   25
processor returns to step 766, clears the software a maximum at666, the
count is saved into RAM at 676  counter and four bit counter, and starts
incrementing and the subroutine is exited'at 690. However, if the  the
software counter at 768. Thus, upon either obtain- counter value does not
reach its maximum before a  ing the desired number of samples at step 782,
or due carrier is detected (i.e. a new burst), or before an in-  to a
timeout when the remote system is no longer terrupt occurs at 661 b due to
reasons previously dis-  30  sending pulses, the subroutine terminates at
690. cussed with reference to step 661a, the count         While capturing
all of the desired samples for a reached when the carrier is detected at
674 is saved  particular remote control system, it will be appreciat- at
680 and stored in RAM. This count will be recog-  ed that the information
is preferably compressed so nized as providing the pause length in between
that the code can be stored in ROM for future refer- bursts. Then, at 682 a
determination is made as to the   35  ence. Thus, in accord with the
preferred embodiment number of counts that have been saved into RAM. If  of
the invention, the various samples obtained for a suitable number of counts
(e.g. one hundred and  each captured code are averaged to provide a nor-
twenty-eight; sixty-four burst length and pause length  malized or averaged
timing sequence for bursts and samples) have been saved, the microprocessor
exits  pauses for the carrier-type codes, and for pauses in the subroutine
at 690. Otherwise, the microprocessor  40  the pause-type codes. The
normalized information is returns to step 658 and awaits a carrier to be
present  then subjected to a preferred compression technique so that the
subroutine may be repeated fore more   hereinafter described. If the
received code for each burst length an pause length samples. Thus, upon
key of the transmitter to be emulated is lengthy, a re- reaching eithera
time limitation (i.e. the countervalue  peating type waveform is indicated.
However, if the reaches its maximum at step 666), or upon obtaining   45
microprocessor is incapable of finding a repeat upon the desired number of
samples at step 682, the sub-  processing, the user is prompted to repeat
the press- routine terminates at 690.                         ing of the
key. If after receipt of additional samples, Turning to Figures 7a and 7b,
a flow-chart of the  the microprocessor is still incapable of finding the
re- code capturing algorithm for pulse-type codes is   peat, the user will
be asked whether a new remote seen. The algorithm starts at 760 when it is
deter-  50  transmitter was introduced during the capture proc- mined that
code for a carrier-type system is to be cap-  ess. If a new remote was
introduced, the user will be tured. At 762, the RAM 130 is unitialized and
the four  asked to press any key, and the type of code will be bit counter
122 described with reference to Figure 2  determined. The capture sequence
will then continue is cleared. At 764 a determination is made as to   as
aforedescribed. However, if a new remote was not whether infrared rays are
being received by receiver  55  Introduced, and the user was properly
attempting to 110. If not, the system waits until the rays are re-  capture
a carrier-type code, the user will be informed ceived or until an interrupt
occurs as at 761 due to a  that the particular remote cannot be captured
and/or timeout, the pressing of a keyboard key, or the switch-  referred to
an owner's manual. 10    19                  EP 0 320 066 B1
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Upon the recognition of patterns and repeats, the  other seven listed
elements. For example, element captured code is preferably compressed
according to  "0" (00 C8) is followed only by element "1" (00 65) or the
below-described compression technique. Then,   by element "5" (00 31).
Thus, a third array, Array C during operation of the apparatus 10, when it
is de-  830 may be constructed having elements which are sired to emulate
one of the transmitter codes which   5   comprised of two nibbles, with
each nibble represent- has been captured and compressed, the code may be
ing an element ofArray D 840. In essence, then, Array expanded.
C 830 is a pointer into Array D and includes as ele- Turning to Figure 8,
an array (ARRAY A) 810 is  ments those duration combinations (sixteen bit
burst seen which represents data obtained from a captured  length followed
by a sixteen bit pause length) which key of a remote device. Likewise, a
pluralityof smaller  10  appear in Array A 810. It will be appreciated that
arrays (ARRAY B, C, and D) 820, 830, and 840 are   where a plurality of
remotes are to be captured and seen which encode in a compressed format the
par-  stored, a plurality of arrays such as Array C 830 must ticular
captured array. In particular, Array A is the nor-  be determined and
provided as pointers to the plural- malized data array for a carrier type
infrared transmit-  ity of arrays such as Array D. ter code that has been
captured. The code of Array A   15  Because the capture code data as shown
in Array is for one key function of the captured transmitter,  A 810
consists of a few unique durations as set forth with a first alternating
sixteen-bit count value (as in-  in Array D 840, and because the durations
as setforth dicated by two groups of two hexidecimal symbols)  in Array D
840 only appear in a certain numberof com- representing a carrier burst
duration time, and a sec-  binations as referenced by Array C 830, it
should be ond alternating sixteen-bit count value representing a   20
appreciated that the captured code of Array A 810 delay duration (pause)
time between bursts. In the  may be represented by an array (Array B 820)
which provided example, the duration times are found by  contains pointers
into Array C 830. Thus, Array B is multiplying the count value by
forty-five microsec-  constructed of bytes (eight bits) having two nibbles,
onds. Thus the sixteen bit count value located at lo-  with a first nibble
referencing a first element of Array cations 2000 and 2001 represents a
burst duration   25   C 830, and the second nibble referencing a second
time of nine milliseconds as OOC8 is the hexidecimal  element of Array C
830. A byte of Array B 820 there- representation of two hundred, and two
hundred    fore references two duration combinations of Array C times
forty-five microseconds equals nine millisec-  830 equivalent to four
sixteen bit durations of Array D onds. Likewise, the next sixteen bit
countvalue (loca-  840. In other words, an entire line (eight sixteen bit
tions 2002 and 2003) would represent a delay dura-  30   words) or Array A
is compressed into two eight bit tion of approximately four and a half
milliseconds as  bytes of Array B 820, with Arrays C 830 and D 840 0065 is
the hexidecimal representation of one hun-  serving as expansion code. With
each keyofa remote dred and one, and one hundred and one times forty-
device generating an array such as Array A. it will be five microseconds is
approximately four and a half  appreciated that all that need be stored is
an array milliseconds. It will be recognized that with the "map"  35
similar to Array B for each key, plus Arrays C and D. of Array A 810, and a
knowledge of the carrier fre-  Clearly, considerable compression of at
least approx- quency (which is stored in another array or memory  imately
eight to one is accomplished in this manner. location not shown), the
captured infrared signal may  As indicated in Figure 8 with reference to
Array A be accurately generated.                           810, bytes 2000
through 208F is the minimum data re- A careful review of Array A 810
reveals that the   40  quired for code regeneration. This is true because
the burst and pause durations are repeated throughout  particular captured
code uses a certain set of dura- the captured signal. Thus, according to
the preferred  tion combinations to indicate a repeat (i.e. that the
embodiment, all durations for a particular transmitter  pressed key Is
still pressed and that the instruction is or transmitter category are
stored in a separate array  to be repeated). With regard to ArrayA810, the
repeat such as Array D 840. As shown in Figure 8, Array D   45  data is
comprised of a four sixteen bit word code of 840 only stores seven unique
sixteen bit durations as  "00C8 0031 OOOC 088B" which translates to a burst
that is all that Is found in Array A 810. However, as ad-  of nine
milliseconds in duration followed by a pause ditional keys from the remote
which is being captured  of approximately two and one-quarter milliseconds
are pressed, additional unique durations are inserted  followed by a burst
of approximately .54 milliseconds into Array D 840 such that Array D will
include all pos-  50  followed by a pause of approximately ninety-eight
sible durations for all available keys of a particular re-  and one half
milliseconds. Upon receiving such a mote. It will also be appreciated, that
a plurality of ar-  burst-pause sequence, the remote receiver would rays
similar to Array D 840 are preferably kept for a  translate the information
as a command to repeat the plurality of transmitters which are captured.
previously received key code. It will be appreciated The seven durations
found in Array D 840 are list-  55  that instead of continuing to store the
repeat code into ed as elements zero through six of Array D. However,
Array B 820, another array (Array G, not shown) may as found in Array A
810, only certain of the seven list-  be keptwhich stores information as
towhich transmit- ed elements of Array D 840 ever follow certain of the
ter types or categories provides a repeat code. Thus,    21
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eight to one ratio may be had. Of course, for another  0", "Press digit 1".
"Press digit 2", ... "Press digit captured remote where a repeat code is
not used but  9","Press channel up", "Press channel down", "Press the
entire key code is repeated, only the key code  alternate channel", "Press
enter or 100", "Press vol- need be stored as a compressed array into Array
B   5   ume up", "Press volume down", and "Press mute" in 820. An
indication that the entire key sequence must  that order. These are all of
the functions that are al- be repeated is alsothen kept in an arraysuch
asArray  lowed to be replaced in the main TV system. Any of G (not shown).
the functions may be bypassed using the "FWD" soft Where a captured
transmitter transmits pulses    key. Once the capturing is complete for a
particular and pauses rather than bursts at a carrier frequency   10
system, the user is notified of the same by the LCD followed by pauses,
only the pause length need be   displayforapproximatelythreeseconds.
Control then stored as the pulse length is relatively standard as  reverts
to the "Select asystem" prompt previously de- aforedescribed. In such a
case, Array A810 is prefer-  scribed. ably an array of pause lengths only
while Arrays B      If instead of the TV key, the VCR key 64 is press- 820,
C 830 and D 840 provide the same function as   15  ed as the system to be
captured, the program contin- before. Thus, Array D 840 includes all
possible pause  ues with a "Press any key" prompt Then, the follow- lengths
for a particular remote, while Array C 830 acts  ing prompts are made:
"Press digit 0", "Press digit 1", as a pointer into Array D 840 and
provides the possi-  "Press digit 2", ... "Press digit 9", "Press channel
up", ble pause couples (i.e. all different groups of two dif-  "Press
channel down", "Press alternate channel", ferent pauses which are
contiguous). Finally, Array B   20  "Press enter or 100", "Press volume
up", "Press vol- 820 used is the compressed version of Array 810 and  ume
down", "Press mute", "Press play", "Press stop", points to Array C 830.
"Press record", "Press pause", "Press rewind", "Press With the details of
the circuitry of apparatus 10,  fast forward", "Press search >> ", "Press
search << ", a flow chart description of the programming of the mi-  "Press
power", "Press slow", "Press TV/VCR", "Press croprocessor 200, and the
preferred data compres-  25   X2", "Press frame advance", "Press reverse
play", sion technique having been provided, the operation of  "Press one
touch record", "Press standby", "Press apparatus 10 of the invention in the
capture mode   timer, "Press normal", "Press OSD", "Press help", provides
additional insight as to why the provided ap-  "Press program", "Press
select", "Press up", and paratus 10 is advantageous as compared to the re-
"Press down". It will be appreciated that because the configurable remote
control apparatus of the art. The   30  last fifteen instructions are not
available as keys on user enters the capture mode by moving slide switch
the provided keyboard 15, when using the apparatus 162 into the capture
position. Upon entering the cap-  10 to instruct a remote VCR with these
instructions, ture mode, the microprocessor directs the LCD to    the
appropriate soft keys must be pressed. Because prompt to place the
apparatus 10 and the remote to  fifteen additional instructions are
provided, two me- be captured head to head so that the infrared trans-  35
nus of eight and seven instructions are provided to mitter or the remote to
be captured and the receiving  accommodate the same. means 110 of apparatus
10 are facing each other. The    If the cable system key 65 is pressed as
the sys- user is then directed (in a display which is upside  tem to be
captured, the program continues with a down relative to normal use, but now
readable to the  "Press any key" prompt. Then, after the code is iden-
user) to "Select a system". The user selects a system   40  tified, the
following prompts are made: "Press digit 0", to be captured by pressing one
of the six system keys  "Press digit 1", "Press digit2"... "Press digit 9",
"Press 60. If the user presses an improper key, the LCD will  channel up",
"Press channel down", "Press alternate indicate "Invalid Entry, Select
System Key". If no key  channel", "Press enter or 100", "Press volume up-
is pressed within thirty seconds, the apparatus will go  ","Press volume
down", "Press mute", "Press Power- into the sleep state. If any key is
pressed after the re-  45  ","Press A/B switch", "Press memory up", "Press
mote has entered the sleep state, the prompt "Cap-  memory down", "Press
add", "Press delete, "Press ture Mode, Select System Key" will appear on
the    f1", "Press f2", and "Press f3". LCD. When the user selects a system
key 60, If the      If the audio system key 66 is pressed, the pro- TV is
selected, the prompt "Codes known, do you     gram continues with a "Remote
Amplifier?" prompt. If want to change any?" will appear. One soft key will
50  the soft-key "Yes" Is pressed, the "Press any key" then be labelled
"yes" and another "no". If "no" is  prompt is given. Following the pressing
of a key, the pressed, the LCD will respond with "Select a system".
following prompts are made: "Press power", "Press If "yes" is pressed' the
user will be advised to see the  volume up", "Press volume down", "Press CD
user's manual so that the pitfalls in programming   (source)", "Press tuner
(source)", "Press phono main TV functions will be indicated. If the user
still  55  (source)", "Press tape  (source)", "Press aux wishes to
continue, the prompt "Press any key" will  (source)", "Press mute", "Press
balance right", "Press appear on the LCD so that the code type (carrier or
balance left", "Press front, "Press back", "Press pulse) of the remote to
be captured may be deter-   graphics band", "Press (+)", and "Press (-)".
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soft-key "No" was pressed instead of "Yes" when the  dex", "Press search >>
", and "Press search ..". The 



"Remote Amplifier?" prompt was given, the above-    control of the video
disk functions will thus be avail- listed prompts would have been skipped.
Regardless,  able to a user upon pressing the Aux 1 key 67 (or Aux after
the Remote Amplifier sequence, a "Remote Tu-  2 key 68 as the case may be).
Finally, if the soft "Sat ner?" prompt is made. If "Yes" is pressed, after
the   5   RCVR" key is pressed, after the usual "Press any "Press any key"
prompt, the following prompts are   key" prompt and system type capture,
the following made: 'Press digit 0", Press digit 1" ....... Press digit
prompts are made: "Press digit 0", "Press digit 1" 9", "Press power",
"Press AM/FM", "Press scan >      Press digit 9", "Press channel up",
"Press channel ","Press scan < ", "Press enter" ' "Press memory-   down",
"Press alternate channel", "Press enter or ","Press f1, and "Press f2". Of
course, if the "No-   10  100", "Press volume up", "Press volume down",
'soft-key was pressed after the "Remote Tuner-      "Press mute", "Press
satellite", "Press clear", "Press ?" prompt was given, the above-listed
prompts would  east", "Press west", "Press audio tune up", "Press au- have
been skipped.                                  dio tune down", "Press audio
BW", and "Press f1". Following the tuner prompts, a "CD player?"         It
will be appreciated that because many of the prompt is made. Only if an
affirmative response is giv-  15  keys of various systems which can be
captured have en, the "Press any key" is prompt is made. After cap-  no
equivalent on the provided keyboard 15, a means ture of the system type,
the following prompts are giv-  must be provided to accomplish the function
of those en: "Press digit 0", "Press digit 1" ."Press digit 9",  keys.
Thus, the soft-keys 20 are provided in conjunc- "Press power", "Press
play/replay", "press stop",   tion with a menu which appears on LCD 70,
thereby "Press search >> ", "Press search ", "Press pause",  20  allowing
an additional eight keys to be available at "Press next", "Press previous",
"Press time remain-  any one time. In addition, where more than eight ad-
ing", "Press review", "Press scan", "Press store",  ditional keys are
required to complete the entire range "Press clear", "Press select, "Press
repeat", and   of functions, a second menu page may be provided Press A/B
loop". Following the CD player prompts,   with up to eight more additional
functions. The sec- the "Tape Player?" prompt is given. If an affirmative
25   ond menu page may be called up by repressing the response is given,
the following prompts are given af-  system key which is in use. Further,
it will be appre- ter a key is pressed and the system type captured-
ciated as described above that the user will have the "Press digit 1",
"Press digit 2" ... "Press digit  option of scrolling through any of the
capture com- 9",  "Press  power",  "Press  play",  "Press        mand
(prompt) sequences. Thus, after the "press any pause", "Press fast
forward", "Press rewind", "Press  30   key" prompt appears and the system
type is cap- record", "Press Dolby on/off", "Press reverse       tured, two
soft key functions labelled "FWD" and play", "Press index", "Press AMS",
"Press fl",      "REV"will appear for scrolling in a desired direction. and
"Press f2".                                     Preferably, even as the new
prompt messages ap- If the Aux 1 system key is pressed, the system will
pear for capturing the remote unit, the soft keys for follow with a "Device
type?" prompt. Two soft keys will  35  scrolling retain their efficacy. be
labelled "Sat RCVR" and "Vid Disk". The user must    There has been
described and illustrated herein, then select one of the system keys TV 63,
VCR 64"   a reconfigurable remote control apparatus and a CBL65, Aux 1 67,
orthe"soft" system keys Sat RCVR   method for using the same. While
particular embodi- or Vid Disk. The pressing of any other system keys
ments of the invention have been described, it is not will prompt an error
message. If the TV key 63 is  40  intended that the invention be limited
exactly thereto, pressed, the "Press any key" prompt Is made. Follow-  as
it is intended that the invention be only limited by ing the capture of the
remote system type, the      the appended claims. Thus, those skilled in
the art prompts follow in the format for the capture of a TV  will
recognize that while the invention was described system as aforedescribed.
Likewise, if the CBL sys-  in terms of particular circuitry, other
microprocessors tem key 65 is pressed, after the "Press any key"  45   and
related circuitry could be provided to accomplish prompt, the prompts
follow in the format for the cap-  the functions described. For example, if
a more pow- ture of a cable system as aforedescribed. If the VCR  erful
microprocessor having its own memory were key 64 is pressed, the "Press any
key" prompt is made  provided, the RAM and/or ROM of the preferred em- as
usual. Following that capture, the prompts contin-  bodiment could be
dispensed with as could the bank ue as set forth above with regard to the
capture of a   50  control logic. In fact, on a large scale, the functions
VCR except that preferably, the prompts from "Press  of different
components provided could be incorpo- play" to "press search < ." are
deleted (i.e. not prompt-  rated into a single or a couple of VLSI's. It
will be like- ed or captured).                                    wise
understood that the programming of the ROM If the soft "Vid Disk" key is
pressed, after the  and microprocessor could be varied in a plethora of
"Press any key" prompt and system type capture, the   65   ways while
accomplishing the same or similar re- following prompts are made: "Press
digit 0", "Press  suits. digit 1"... "Press digit 9", "Press power", "Press
play", "Press pause", "Press still ","Press slow", "Press in- 13    25
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third array elements are comprised of at least two 1. A method for
compressing formatted code ob-       nibbles, each nibble representing an
element tained from a remote control means, wherein said  number of said
first array, said third array repre- formatted code includes at least
information re-   5  senting information of all burst length and pause
garding pause times between pulse bursts out-    length couples of said
formatted code which ap- put by said remote control means, the method
pear together in said formatted code; and comprising determining for said
formatted code         generating the second array (820) from at least all
pause time information represented in  said obtained code and said third
array element said formatted code,                     10       numbers,
wherein said second array elements characterized in that the method further
compris-  are comprised of at least two nibbles, each nibble es:
representing an element number of said third ar- arranging different pause
time information  ray. as different elements of a first array (840), each
element having a representative element num-  15  5. A method according to
claim 3 or 4, wherein said ber,
bursts output by said remote control means are generating a second array
(820) with sec-   at a particularfrequency, further comprising stor- ond
array elements from said obtained code and   ing data representative of
said frequency. said first array element numbers, wherein said second array
elements are comprised of at least  20  6. A method according to one of
claims 1-5, wherein two nibbles (i.e. 4-bit data blocks), each nibble  said
formatted code includes code for a plurality representing an element number
of said first ar-  of keys of a remote control means. ray, wherein said
second array further repre-  7. A method according to one of claims 1-6,
further sents the obtained formatted code.        25      comprising:
determining if one of a repeat code and an 2. A method according to claim
1, further compris-   entire code repeat occurs in said formatted code;
ing:                                              and generating a third
array (830) with third ar-    storing data representative of at least the
ray elements having representative third array  30  occurrence of one of a
repeat code and an entire element numbers from said obtained code and
code repeat. said first array element numbers, wherein said third array
elements are comprised of at least two nibbles, each nibble representing an
element  PatentansprOche number of said first array, said third array
repre-  35 senting all groups of two of pause time informa-  1. Verfahren
zur Verdichtung von formatiertem Co- tion of said formatted code which
appeartogether  de, der von Fernsteuermittein erhalten wurde, in said
formatted code; and                       wobei derformatierte Code
mindestens Informa- generating the second array (820) from      tionen
bezfglich der Pausenzelten zwischen Im- said obtained code and said third
array element  40  pulsbrindein enthilt, die von den Fernsteuermit-
numbers, wherein the second array elements are   tein ausgegeben warden,
und wobei das Verfah- comprised of at least two nibbles, each nibble   ren
beim formatierten Code die Bestimmung von representing an element number of
said third ar-  mindestens samtlichen in demformatierten Code ray.
dargestellten Pausenzeitinformationen umfalt, 45     dadurch
gekennzeichnet, daB das Verfahren wei- 3. A method according to claim 1,
further compris-   ter ing:
die Einrichtung unterschiedlicher Pausen- determining for said formatted
code all dif-  zeitinformationen in Form von unterschiedlichen ferent burst
length and pause length information  Elementen einer ersten Anordnung (840)
umfallt, represented in said formatted code and arranging   s0  wobel jedes
Element eine kennzeichnende Ele- said different burst and pause length
information  mentnummer hat, und as elements of the first array.
die Erzeugung einer zweiten Anordnung (820) mit Elementen der zwelten
Anordnung aus 4. A method according to claim 3, further compris-   dem
erhaltenen Code und aus Nummern von ing:
55      Elementen der ersten Anordnung, wobel die Ele- generating a third
array (830) with third ar-  mente der zweiten Anordnung wenigstens zwei ray
elements having representative third array    Halbbytes (das heilt
4-Bit-Datenblocke) umfas- element numbers from said obtained code and
son und wobei Jades Halbbyte ene Nummer ei- 14    27
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Elements der ersten Anordnung darstellt,      bfindel sine bestimmte
Frequenz haben und das 



wobel die zweite Anordnung welter den er-   welter die Speicherung von
Daten umfalt, die haltenen formatierton Code darstelit.             diese
Frequenz darstellen. 2. Verfahren nach Anspruch 1, das welter     5   6.
Verfahren nach einem der Ansprfilche 1 -5, wobei die Erzeugung elner
dritten Anordnung       der formatierto Code welter Code fur sine Viol- K)
,      (830) umfaflt, wobei Elements der driten Anord-   zahl von Tasten
von Fernsteuermitteln enthailt. nung sie darstellende Nummern fOr Elementb
der dritten Anordnung aus dem erhaltenen Code und  7. Verfahren nach einem
der Anspruche 1-6, das Elementnummern der ersten Anordnung haben   10
welter die foigenden Schritte umfal~t: und wobel die Elements der dritten
Anordnung           Bestimmung, ob im formatierten Code ein mindestens zwei
Halbbytes umfassen, wobel jo-    Wiederholungscode oderelne Wiederholung
des des Halbbyte eine Elementnummer der ersten        gesamten Codes
vorkommt, und Anordnung darstelit, und wobei die dritte Anord-
Speicherung von Daten, die mindestens nung alle Zwelergruppen von
Pausenzeltinfor-  15  das Auftreten sines Wiederholungacodes oder matlonen
des formatierten Codes darstellt, die    einer Wiederholung des gesamten
Codes dar- zusammen im formatierten Code vorkommen,          stellen. und
die Erzeugung elner zweiten Anordnung (820) aus dem erhaltenen Code und aus
Ele-  20   Revendlcations mentnummern der dritten Anordnung umfaBt, wobel
die Elements der zweiten Anordnung min-  I. Proc6de pour comprimer un code
format6 obtenu destens zwei Halbbytes umfassen, wobel jedes      d'un
dispositif de tel6commande, dans loquel le Halbbyte sine
Elementnummerderdritten Anord-      code formate comprend au moins de
l'information nung darstelt.                           25       concernant
des temps de pauses entre des sal- ves d'impulsions emises par le
dispositif de t616- 3. Verfahren nach Anspruch 1, mit der Bestimmung
commande, le proc6de impliquant la d6termina- aller im formatierten Code
dargestellten unter-  tion pour Is bode formate d'au moins touts l'infor-
schiedlichen SignalbOndellingen- und Pausen-      mation de temps de pause
repr6sent6e dans le lAngeninformationen fOr den formatierten Code  30  code
format6, caracteris6 en ce qu'il comprend, und mit der Einrichtung der
unterschiedlichen Si-  en outre: gnalbandel- und Pausenlfngeninformationen
als          l'agencement de diff6rentes informations Elements der ersten
Anordnung.                    de temps de pauses sous la forms de
differents 61ements d'un premier reseau (840), chaque 616- 4. Verfahren
nach Anspruch 3, das die nachfolgen-  35  ment comportant un numero
d'6l6ment represen- den Schrittb umfagt
tatif, Erzeugung einer dritten Anordnung (830),         la g6n6ration d'un
second r6seau (820) wobei die Elements der dritten Anordnung sle      avec
des seconds 6l6ments de r6seau A partirdu darstellende Nummern fOr Elements
der dritten     code obtenu et des num6ros d'616ments du pro- Anordnung aus
dem erhaltenen Code und Ele-  40    mier r6seau, dans lequel lesdits
6l6ments du se- mentnummern der ersten Anordnung haben und        cond
r6seau sont constitues d'au moins deux wobel die Elements derdriten
Anordnung minds-     quartets (c'est-a-dire des blocs de donnees de 4 stens
zwei Halbbytes umfassen, wobei jedes        bits), chaque quartet
representant Un num6ro Halbbyte sine Elementnummerderersten Anord-
d'el6ment du premier rbseau, nung darsatllt, und wobel die dritte Anordnung
In-  4S  dans loquel le second r6seau repr6sente, formationen zu allen
Zweiergruppen aus Signal-    en outre, le code formate obtenu.
bOndellAingen und Pausenlangen des formatier- ten Codes darstellt, die
zusammen im formatler-  2. Proced6 suivant la revendication 1, comprenant,
ten Code vorikommen, und                          en outre: Erzeugung
einerzwebten Anordnung (820)  so        la g6n6ration d'un troisieme reseau
(830) aus dem erhaltenen Code und aus Elementnum-       avec des 6eiments
de troisieme reseau compor- mern der dritten Anordnung, wobei die Elements
tant des num6ros d'61ements de troisieme r6- der zweiten Anordnung
mindestens zwei Halbby-     seau repr6sentatifs A partir du code obtbnu et
tea umfassen, wobei jedes Halbbytb sine Ele-      des num6ros d'6l6ments de
premier reseau, mentnummer der dritten Anordnung darstellt.    Ws  dans
lequel lea 6l6ments de trolaibme reseau sont formes d'au moins deux
quartets, chaque 5. VerfahronnachAnspruch3oder4,wobeldievon
quartet repr6sentbnt un num6ro d'element du den Fernsteuermittein
ausgegebenen Signal-        premier r6seau, le troisibme reseau
repr6sentant 15    29                  EP0320066B1                    30
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de pause du code formate qui apparahssent en-     d'une repetition de code
entier. semble dans le code format6, et la gen6ration du deuxilme reseau
(820) a partirdu code obtbnu etdes numeros d'6l6ments   5 de troisieme
r6seau, dans lequel les el6ments de deuxibme r6seau sont formes d'au moins
deux quartets, chaque quartet representant un numh- ro d'el6ment du
trolsieme r6seau. 10 3. Proced suivant la revendication 1, comprenant, en
outre: la d6termination pour le code formate de toutes les informations
differentes de longueurs de salves et de longueurs de pauses represen-  15
tees dans le code formate et l'agencement des differentes informations de
longueurs salves et de pauses sous la forme d'el6ments du premier reseau.
20 4. Procede suivant la revendication 3, comprenant, en outre: la
generation d'un troislbme r6seau (830) avec des elements de troislsnie
reseau-compor- tant des numdros d'elements de troisieme re-  25 seau
representatif, A partir du code obtenu et des numeros d'el6ments de premier
reseau, dans le- quel les elements de troisieme reseau formes d'au moins
deux quartets, chaque quartet repre- sentant un numro dJ'l6ment du premier
r6seau,  30 le troisibme r6seau representant des informa- tions de tous lea
couples de longueur de salve et de longusur de pause du code formate qui
appa- raissent ensemble dans Is code formate, et la generation du deuxibme
reseau (820), A   35 partirdu code obtenu et des numeros d'elements de
troisibme reseau, dans lequel les elements de deuxieme reseau sont formes
d'au moins deux quartets, chaque quartet representant un nume- ro d'element
du troisieme reseau.         40 5. Procede suivant la revendlcation 3 ou 4,
dans le- quel les salves emises par 1s dispositif de tele- commande sont A
une frequence particuliere, des donnees representatives de ladite frequence
45 etant, en outre, stockees. 6. Procede sulvant l'une quelconque des
revendlca- tHons I A 5, dans lequei le code formate comprend un code pour
une pluralite de touches d'un dispo-  5o sitif de telecornmande. 7. Procede
suivantl'une quelconque des revendlca- tlons I A 6, comprenant, en outre:
la determination de l'apparition d'un code  55 de rep~titlon et d'une
repetition de code ontier dans 1s code formate, et le stockage de donnees
representatives 16    


