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1

APPARATUS AND METHOD FOR DECODING
BIPHASE-CODED DATA

BACKGROUND OF THE INVENTION

This invention generally relates to the decoding of
digital codes and, in particular, to means for receiving
and decoding biphase-coded data.

Generally, the so-called biphase encoding technique
is a kind of digital encoding method and is currently
used very widely as a data modulation method. As a
modulation method identical to biphase-code, there is
also the Manchester code, which is referred to as a
biphase-L method.

Biphase-codes are widely used in the digital commu-
nication area and are used as a remote code for Euro-
pean TV’s or for electric home appliances.

In a known method for receiving biphase-code by use
of a remote receiver and for decoding it, i.e. recognizing
the received code using a microcomputer, the decoding
method for reconstructing the original data is effected
by performing periodic timing checks and by checking
the edge status change of the biphase-code.

However, such a decoding method for detecting the
edge condition of a biphase-code at every time interval
requires exact timing information to be able to detect
the code.

Moreover, the difficulty of timing synchronization
raises the cost so that systems become high priced and
inexact timing is apt to cause inaccurate reading of data.
Therefore, it tends to be that the less error margin a
system has, the higher the price is.

SUMMARY OF THE INVENTION

The present invention aims to provide a generally
improved apparatus for decoding biphase-code data.

According to a first aspect of the present invention,
there is provided apparatus for receiving and decoding
biphase-coded data, comprising:

a receiver for receiving a bit stream of biphase-coded
data;

a microprocessor for detecting edges of the pulses
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The apparatus is preferably arranged to receive and
decode data in which at least one leading bit of said bit
stream has a predetermined logical value.

The apparatus may comprise a microcomputer for
controlling operation of the apparatus; a remote re-
ceiver for receiving remotely transmitted coded data
and transmitting the data to the microcomputer; at least
one remote transmitter for remotely transmitting said
coded data to the remote receiver in accordance with
key information entered at the transmitter by a user; and
at least one peripheral device arranged to be controlled
by the microcomputer in accordance with said coded
data.

The invention also extends to television or video
apparatus which includes apparatus in accordance with
the first aspect of the invention for receiving and decod-
ing biphase-coded data.

In a second aspect, the invention provides a method
of decoding a bit stream of biphase-coded data, com-
prising the steps of detecting edges of pulses forming
the bit stream, determining the time periods between
said edges, and decoding the sequence of bits in the bit
stream, from said time periods.

Such a method may further comprise one or more of
the steps or features disclosed in this specification and-
/or claims and/or abstract and/or accompanying draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of the invention and to
show how the same may be carried into effect, refer-
ence will now be made, by way of example, to the ac-
companying diagrammatic drawings, in which:

FIG. 1 is a general illustration of biphase-code data
structure;

FIG. 2 is a block diagram of one example of a system
embodying the invention, for carrying out decoding of
biphase-coded data;

FIG. 3 illustrates one example of a biphase-code data
format used in the example of FIG. 2; and

FIG. 4 is a flow diagram for showing an example of
the operation of the system of FIG. 2.

DETAILED DESCRIPTION OF AN

forming the bit stream received by the receiver; 45 EXEMPLARY EMBODIMENT
for determining the ti iods bet id ; . .
an dor etermining the time periods between said edges; Referring to FIG. 1, there is shown a general biphase-
. s : code data structure. According to this illustration, each
fr:;r siieg?eltlgr; ?;e;eg::;;?g dbslts in the bit stream, waveform A, B, C, D, and E illustrates a different re-
In a preferred embodiment, the d'etec tor of the micro. 50 SPEctive stream of bits which are represented by logic

processor is arranged to detect edges which are either
all falling edges or all rising edges.

Preferably, the apparatus is arranged to receive and
decode data in which the period of a bit is 2t and is
adapted to discriminate between time periods of 2t, 3t
and 4t, to identify different sequences of bits in the bit
stream. _

Preferably, said microprocessor is arranged to de-
code said sequence of bits from not only said time peri-
ods but also from the logical value of the last detected
bit.

Preferably, the apparatus includes a register arranged
to be incremented by the number of bits decoded, and
means for testing whether the count of said register is
equal to an expected number of bits in said bit stream.

The apparatus is preferably arranged to receive and
decode data encoded in a vesta code.

65

“0” and “1” in biphase-coded logic.

If the period of a bit is assumed to be T, the wave-
forms A-E each have a change of coding logic transi-
tion at the time T/2 (T/2=t). For example, if the logic
of a bit is “0”, its coding logic will change from logic
“HIGH” to “LOW?” af time t, and if the logic of a bit is
“17, its coding logic will change from logic “LOW” to
“HIGH” at time t. '

The illustrated system detects the falling edges of a
biphase-coded bit stream in which the logic of the bits
may change as shown in the waveforms A-E of FIG. 1,
and decodes the biphase-code by detecting the falling
edges and measuring the time intervals between the
falling edges.

For the w: -eforms of FIG. 1, if a bit period is as-
sumed to be the period T, there will be two t's (t=T/2)
in one bit period. Therefore, for the biphase-code, there
exist no consecutive two bits which do not have the
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3
structure of one of the waveforms A-E shown in FIG.
1.

In the illustrated system, since the code is decoded by
detecting successive edges of prescribed condition and
the time intervals between the edges of the prescribed
condition, there exists no accurate data except the data
for the intervals 2t, 3t, and 4t as shown in FIG. 1. The
time intervals 2t, 3t and 4t represent the only possible
sequences of two or three bits in the biphase-coded bit
stream. The time interval 4t represents only one pos-
sibility—the sequence “010”. The time interval 3t may
represent the sequence *“01” or *10”, and the time inter-
val 2t may represent the sequence “00” or “11”.

Referring to FIG. 2, the system comprises a mi-
crocomputer 1. A remote receiver module (hereinafter
referred to as RRM) 3 which logicizes code data re-
ceived as infrared rays, filters the waveform, and ap-
plies the output to the microcomputer 1. Arranged to
transmit to the RRM 3, a first remote transmitter 5§
(hereinafter referred to as RTTP) generates a Pulse
Position Modulation (PPM) code. Also arranged to
transmit to the RRM 3, a second remote transmitter 7
(hereinafter referred to as RTTB) generates biphase-
code according to the pressing of one or more keys.
Meanwhile, a tuner 9, display unit 11, and servo 13 are
operated under the control of the microcomputer 1.
Additionally, a key matrix 15 is used to enter key data to
the microcomputer 1.

Prior to explaining an operational example of the
illustrated system, a vesta code format which is used in
European TV sets and in remote controllers for VCRs
will be described first, with reference to FIG. 3.

Vesta code is constructed as a biphase-code and, as
shown in FIG. 3, the first bit is the start bit. Such a bit
always has the logic value “1” and is a code leading the
input of the next in-coming code data.

If 2a key of RTTB 7 in FIG. 2 is pressed and a signal
for performing a prescribed control is generated as an
infrared signal comprising a bit stream having the data
structure of FIG. 3, then this signal is received at RRM
3 and filtered, and then is applied to the interrupt port of
the microcomputer 1, which is used for detecting the
falling edges of the pulses of the bit stream.

In this case, the vesta code, ie. the biphase-code
which is applied to the falling edge interrupt port of said
microcomputer 1, exists only with the previous men-
tioned time intervals of FIG. 1 because of the inherent
characteristics of the biphase-code. If other time inter-
vals are detected, this indicates an erroneous case.
Moreover, as mentioned, for the format of vesta code,
the first bit is the start bit and always has the condition
of logic “1”.

The microcomputer 1, which receives the biphase-
code of FIG. 3 at the falling edge interrupt port, firstly
checks at step 41 of FIG. 4, whether the input code is a
valid vesta code.

The microcomputer 1 thus checks for abnormal con-
dition using the start bit of FIG. 3 and, if the code is
proved to be a vesta code, the microcomputer 1 sets an
internal sequence register SEQ to counter mode at step
43 and initializes it to count decimal 2, initializes a data
register IBO which stores data temporarily, and starts
an internal timer TIM. At this time, the starting pointer
of the internal timer TIM starts to operate when the
signal AP of FIG. 3 is applied.

In step 45, upon detecting the falling edge signal BP
as shown in FIG. 3, the microcomputer 1 checks the
value of the timer. Since the start bit of the vesta code
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is always *'17, the value of the timer at step 45 can have
either of the values 2t or 3t, depending upon whether
the first two bits of ‘the bit stream are “11” or “10”
respectively—as illustrated in FIGS. 1B) or 1C) respec-
tively.

In the example of FIG. 3, the first two bits of the
vesta code are *“10”. Accordingly, in step 45, the value
of the timer is found to be 3t, and therefore the mi-
crocomputer 1 proceeds to step 47.

At step 47, the microcomputer 1 saves the bit values
*10” into the internal data register IBO, and clears the
timer, which starts counting again.

Next, at step 48, the microcomputer 1 again checks
the value of the timer, upon detecting the next falling
edge signal which, in the example of FIG. 3, is the
signal CP. In the general case, the timer can have any
one of the values 2t, 3t or 4t. This is because the last
preceding bit is “0” (this being the last bit of the first
two bits ““10” of the vesta code) and, referring to FIGS.
1A), 1D), and 1E) respectively, it may be seen that, with
an initial bit value of “0”, the bits sequences “00”, 011"
and *“010” respectively are possible, in dependence
upon whether the measured time interval between suc-
cessive falling edge signals is 2t, 3t or 4t respectively.

In the example of FIG. 3, the second to fourth bits of
the code have the sequence “010” and, accordingly, the
measured time interval between the falling edge signals
BP and CP is 4t. Thus, the microcomputer 1 proceeds
to step 53, whereupon the bit sequence “10” is added to
the internal data register IBO.

At this point, it should be noted that, although the
detected time interval of 4t indicates a bit sequence of
“010”, it is necessary to save only the last two bits of
this sequence into the register IBO in step 53, since the
leading *“0” has already been saved into the register IBO
as the last bit, in step 47.

The internal sequence register SEQ maintains a count
of the number of bits of the vesta code that have been
recorded in the data register IBO. In step 43, the count
was initialized to decimal 2, because in both steps 47 and
61, the data register IBO will record a first sequence of
two bits—that is, either ““10” (step 47) or “11” (step 61).
Then, after step 53, the sequence register SEQ is incre-
mented by the number of additional bits read into the
data register IBO, which in this case, is two extra bits.
Thus, at this point, the count of the sequence register
SEQ is decimal 4.

At step 57, the microcomputer 1 checks whether the
count of the sequence register SEQ is equal to decimai
10. Since, in the present example, the count is only
decimal 4 at this stage, the microcomputer 1 proceeds to
step 58, which tests whether the last bit recorded in the
data register IBO is “0” or “17,

In the present example, the last recorded bit was “0”,
and therefore the microcomputer 1 returns to execute
again step 48, where the value of the timer is again
checked upon detecting the next falling edge signal.

To proceed with the example of FIG. 3, the next
falling edge signal DP is detected after another time
interval of 4t, corresponding to another bit sequence of
“010”. Accordingly, the microcomputer 1 again pro-
ceeds to step 53, where the next two bits “10” are read
into the data register IBO. Subsequently, in step 55, the
sequence register SEQ is incremented by a count of 2,
to give a totar ount of 6, and the timer is again cleared,
and recommences counting.

In step 57, the count of the sequence register SEQ is
again checked to see if it is equal to decimal 10. The
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present count of the example of FIG. 3 is decimal 6,
representing the six bits that have already been re-
corded in the data register IBO. Therefore, the mi-
crocomputer 1 proceeds again to step 58, to check the
value of the last recorded bit.

Once more, the last recorded bit has the value “0”,
and therefore the microcomputer 1 again returns to step
48, where the value of the timer at the next detected
falling edge signal BP is checked.

The time interval between the two falling edge sig-
nals DP and EP is 2t, and this corresponds to a bit
sequence “00”. Accordingly, the microcomputer 1 pro-
ceeds from step 48 to step 49, where the additional
single bit “0” is recorded in the data register IBO.

Thereafter, the step 55 is executed, to increase the
sequence register(s), this time by a count of just one, to
indicate a recorded total of seven bits. Again, the timer
is cleared and restarted.

At step 57, the count of the sequence register SEQ is
still not equal to decimal 10. Thus, the step 58 is re-
peated and, since the last recorded bit is again “0”, step
48 is once more executed.

In the example of FIG. 3, the next falling edge signal
FP occurs at a time interval 2t after the preceding signal
EP, again corresponding a bit sequence “00”. Accord-
ingly, the steps 49, 55, 57 and 58 are again executed,
during which the count of the sequence register SEQ is
incremented to a total of eight, and after which the step
48 is once more executed.

In the example of FIG. 3, the final falling edge signal
GP occurs at a time interval 4t after the preceding
signal FP, corresponding to a final bit sequence “010”.
Thus, steps 53, 55 and 57 are again executed.

Upon this occasion, the sequence register SEQ is
incremented by another two bits, to bring the total
count up to decimal 10. Thus, in step 57, the test gives
an affirmative result, such that the microcomputer 1
proceeds to step 59.

Since, in this particular example, the illustrated vesta
code has a total of ten bits in its bit stream, the positive
result to step 57 indicates that a complete bit stream has
been received, and the value of the bit stream, namely
the data “1010100010” has been stored in the data regis-
ter IBO.

Thus, in step 59, the sequence register SEQ is cleared
and the timer TIM is stopped. The content of the data
register IBO is read out by the microcomputer 1, which
then performs the function—for example, by control-
ling the tuner 9, display 11 and/or servo 13, in accor-
dance with the instruction to which the bit stream read
from the data register IBO corresponds.

In the example of FIG. 3, the second bit was “0”, and
each “last bit” recorded in the data register IBO was
always “0”. However, a bit stream of the type shown in
FIG. 3 may of course have a different sequence of bits
(and, in the more general case, may have a different
number of bits).

If the second bit in the ten-bit pulse train is a logic “1”
then, as illustrated in FIG. 1B), the time interval be-
tween the first two falling edges will be 2t. Accord-
ingly, the microcomputer 1 will proceed from step 45 to
step 61, where the initial two bits *“11” are stored into
the data register IBO. As in the previously described
example, the initial value of the sequence register SEQ
is, at this stage, already set to decimal 2.

The timer is cleared and restarted in step 61, and then,
in step 62, the value of the timer at the next falling edge
signal is again checked. Since, in this case, the last re-
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corded bit was “1”, the only possible values for the
timer will now be 2t or 3t, depending upon whether the
bit sequence is “11” or 107, as illustrated in FIGS. 1B)
and 1C) respectively.

If step 62 reveals a timer value of 2t, then the data bit
“1” is entered into the data register in step 63, and the
steps 55 and 57 are carried out, as before.

If, in the present alternative example, an initial bit
stream of “111” has been recorded then, at step 85, the
count of the sequence register SEQ will be decimal 3 so
that, after step 57, the microcomputer 1 proceeds to step
58.

Following this same example, the last recorded bit
was “1”, so that the microcomputer 1 proceeds from
step 58 to repeat step 62.

This time, if the timer test in step 62 results in a value
3t, then this indicates a bit sequence of “10”. Step 65 is
therefore executed, to store the fourth bit ““0” into the
data register IBO.

The steps 55, 57 and 58 are again executed, during
which the count of the sequence register SEQ is incre-
mented to decimal 4. Since, in this instance, the last
recorded bit was a “0”, then the microcomputer 1 will
proceed from step 58 to step 48.

If, for the sake of example, the next measured timer
interval is 3 t then, as illustrated in FIG. 1D), this will
indicate a bit sequence of ““011”, and steps 51, 55, 57 and
58 will be executed, during which the count of the
sequence register SEQ will be incremented to decimal

Since the last recorded bit is again “1”, the mi-
crocomputer 1 will proceed from step 58 to step 62.

Thereafter, the procedure repeats along the lines
illustrated in the above described examples, until the
count of the sequence register SEQ agains becomes
decimal 10, at which point step 59 will be performed
and the control function indicated by the detected vesta
code will be performed, under the control of the mi-
crocomputer 1.

Since the above described system can recognize a
biphase-code by a simple means and can be applied to
all systems which use Pulse Position Modulation (PPM)
and vesta code, the advantages of implementing an
improved value-added product conveniently and of
implementing a hybrid remote control system are ob-
tained.

A particular advantage of the embodiments illus-
trated and/or described above is that they may continue
to operate reliably, even if the timing of the received
waveform is subject to variation. For example, the sys-
tem may operate accurately, even if the timing of the
falling edges is subject to variations of about +10% of
the period T of one bit.

While preferred embodiments of the invention have
been particularly shown and described, it will be under-
stood by those skilled in the art that modifications may
be made without departing from the spirit and scope of
the invention.

Although the illustrated vesta code illustrates a ten-
bit bit stream with a logic “1” start bit, alternative codes
with different numbers of bits and different start bits
may be decoded by suitably modified but analogous
systems and methods. Similarly, where logic values and
systems are « .scribed and illustrated herein, comple-
mentary values and systems may alternatively be
adopted. Rising edges of pulses may be detected, in-
stead of or in addition to falling edges.
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The reader’s attention is directed to all papers and
documents which are filed concurrently with or previ-
ous to this specification and which are open to public
inspection with this specification, and the contents of all

8

9. Apparatus according to claim 7, wherein said bit

stream of biphase-coded data comprises:
multibit data in which the time period of each bit is 2t
and wherein said third means is adapted to discrim-

such papers and documents are incorporated herein by 5 inate between time periods of 2t, 3t and 4t, and to

reference. assign binary values to said time periods according
All of the features disclosed in this specification (in- to said discrimination, where t is a desired time

cluding any accompanying claims, abstract and draw- period.

ings), and/or all of the steps of any method or process 10. Apparatus according to claim 7, further compris-

so disclosed, may be combined in any combination, o ing;

except combinations where at least some of such fea-
tures and/or steps are mutually exclusive.

Each feature disclosed in this specification (including
any accompanying claims, abstract and drawings), may
be replaced by alternative features serving the same,
equivalent or similar purpose, unless expressly stated
otherwise. Thus, unless expressly stated otherwise, each
feature disclosed is one example only of a generic series
of equivalent or similar features.

The invention is not restricted to the details of the
foregoing embodiment(s). The invention extends to any
novel one, or any novel combination, of the features
disclosed in this specification (including any accompa-
nying claims, abstract and drawings), or to any novel
one, or any novel combination, of the steps of any
method or process so disclosed.

I claim:

1. Apparatus for recelvmg and decoding biphase-

code data, comprising:

first means for receiving a bit stream of biphase-

coded data; ’

second means for detecting edges of pulses forming

the bit stream received by said first means;

third means for determining time periods between

said detected edges; and

fourth means for decoding and determining a logical

value for each bit in the bit stream, based on the
value of said time periods determined by said third
means in combination with the logical value of an
immediately preceding bit.

2. Apparatus according to claim 1, wherein said sec-
ond means is arranged to exclusively detect either all
falling edges or all rising edges.

3. Apparatus according to claim 1, wherein said bit
stream of biphase-coded data comprises:

multibit data in which the time period of each bit is 2t

and wherein said third means is adapted to discrim-
inate between time periods of 2t, 3t and 4t, and to
assign binary values to said time periods according
to said discrimination, where t is a desired time
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a register arranged to be incremented by each bit

decoded by said fourth means, and

means for testing whether the count of said register is

equal to an expected number of bits in said bit
stream.

11. Apparatus according to claim 7, wherein said bit
stream of biphase-coded data comprises:

biphase-coded data encoded in a “vesta” code format.

12. Apparatus according to claim 7, wherein said
second means is configured for detection of data phase
shifts from high state to low state.

13. Apparatus according to claim 7, wherein said
second means is configured for detection of data phase
shifts from low state to high state.

14. Apparatus according to claim 7, further compris-
ing:

means for controlling television and/or video appara-

tus according to said decoded sequence of bits.

15. Apparatus according to claim 1, further compris-
ing:

means for controlling television and/or video appara-

tus according to said decoded sequence of bits.

16. Apparatus according to claim 1, wherein said
second means is configured for detection of data phase
shifts from high state to low state.

17. Apparatus according to claim 1, wherein said
second means is configured for detection of data phase
shifts from low state to high state.

18. A method of decoding a bit stream of biphase-
coded data, comprising of the steps of:

detecting edges of pulses forming the bit stream,

determining the time periods between said edges, and

decoding and determining a logical value for each bit
in the bit stream, based on a combination of said
determined time periods and the logical value of an
immediately preceding bit.

19. An apparatus for receiving and decoding biphase-
code data, comprising:

first means for receiving a bit stream of biphase-

coded data;

period. 50  second means for detecting edges of pulses forming
4. Apparatus according to claim 1, further compris- the bit stream received by said first means;
ing; third means for determining time periods between
a register arranged to be incremented by each bit said detected edges; and
decoded by said fourth means, and fourth means for decoding the sequence of bits in the
means for testing whether the count of said register is 55 bit stream, based on the value of said time periods
equal to an expected number of bits in said bit determined by said third means;
stream. wherein said bit stream of biphase-coded data com-
5. Apparatus according to claim 1, wherein said bit prises:
stream of biphase-coded data comprises: multibit data in which the time period of each bit is 2t
biphase-coded data encoded in a “vesta” code format. 60 and wherein said third means is adapted to discrim-
6. Apparatus according to claim 1, wherein at least inate between time periods of 2t, 3t and 4t, and to
one leading bit of said bit stream has a predetermined assign logic values to said time periods according
logical value. to said discrimination, where t is a desired time
7. Apparatus according to claim 6, wherein said pre- period.
determined logical value is a logic high value. 65  20. The app..ratus according to claim 19, wherein said

8. Apparatus according to claim 7, wherein said sec-
ond means is arranged to exclusively detect either all
falling edges or all rising edges.

second means is arranged to exclusively detect either all

falling edges or all rising edges.
* * * * *
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