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by calculating the mean  square difference between the value of waveform
sample and the Field of the invention
corresponding  digital signal. The reference The present invention relates
to the field of     describes a circuit which performs in an iterative
analog wave form digital encoding, and more    5    fashion to provide a
derived digital signal which particularly relates to an improved method and
corresponds as close as possible with the apparatus for generating delta
modulation data      amplitude value of the sampled waveform. signals.
In audio information encoding and recording applications, for example in
connection with Background art                                10   video
optical discs, it is desired to keep decoder Delta modulation is a well
known method for       implementations as simple as possible in order to
encoding analog wave forms into digital form,       keep the costs of
optical disc players within the which may be implemented in a number of
ways.       range of consumers. However, since recording Characteristics of
delta modulation make it prefer-  media such as optical discs are usually
mass able over pulse code modulation in various kinds   15   produced, the
impact of a relatively high cost for of applications. For example, certain
types of      encoding audio information for a particular delta modulation
systems are particularly suited   recording may be minimal. It is therefore
desired for operating situations characterized by high     to have an
improved delta modulation system error rate.
which  provides optimized  delta  modulation One such high error rate
application involves   20   encoding for relatively inexpensive decoding.
the encoding and recording of audio frequency        It is, therefore, an
object of the present inven- information on an optical disc, for example a
tion to provide such a system  and to allow video optical disc. By encoding
one or more        optimization of the encoding of a waveform into messages
of audio frequency information in digi-    ADM  data while providing
flexibility in the tal form and recording the encoded audio infor-   25
approach to said optimization. mation on the disc, the audio information
can be     The present invention is characterized by the read off the disc
and stored for controllable       method and the apparatus claimed in
claims 1 access and playback during, for example, the        and 2.
stop-motion or "freeze frame" playback of a          The present invention
is especially advan- single frame of video from the disc. It is known,   30
tageous in applications where it is not essential to however, that at the
present state of technology    generate the delta modulation data signals
in real commercial quality video discs have significant     time, but where
optimization of the quality of the levels of short duration signal
drop-out. Delta     generated delta modulation signals is important,
modulation is, therefore, a preferred technique     for example where the
same delta modulation for encoding audio information in such applica-   35
signals are to be recorded over and over again on tions. Specifically,
adaptive delta modulation      many recording media. According to the
present ("ADM") provides performance characteristics        invention, not
only can the error between the particularly suited for this purpose.
derived delta modulation waveform be reduced In connection with the
encoding and storage on   to a minimum as compared with the original a
recording medium of audio information for later   40   waveform, the way in
which that error is derived playback, the storage capacity of the medium
may be varied as desired by the user. Thus, for becomes  a significant
consideration.  For        example, the error which is minimized may be
example, while the standard video optical disc is a  selected to be the
mean square difference remarkably high density storage medium for its
between the waveforms, or the weighted mean size, its storage capability is
limited, and as a    45   square error. Other approaches to the error
evalu- consequence, stop-motion audio encoding for-        ation are
possible. mats being developed for the industry utilize delta  It will be
appreciated from the foregoing that modulation at a sample rate of between
12 and 28    the present invention represents a significant kilohertz. This
range of sample rates reflects a    advance in the field of delta
modulation. In par- compromise between desired audio message    so
ticular, the invention provides an improved duration and acceptable
fidelity. The audio fidelity  method and apparatus for generating delta
mod- of decoded adaptive delta modulation audio data,    ulation encoded
data signals having an error in even at 28 kilohertz sampling rate, is
noticably    the derivable waveform  from  the generated degraded from, for
example, standard commer-        signals which is mimimized according to a
con- cial television audio.                        55   trollable  error
detection  and  minimization Improvements have been suggested. However,
scheme. Other aspects and advantages of the the improvements frequently
reflect complex         present invention will become apparent from the
theoretical considerations which require expen-     following more detailed
description, taken in con- sive implementations for both encoding and
junction with the accompanying drawings. decoding. Such a system is
disclosed in FR-A-  60 2  312 884 and describes a system for a coding an
Brief description of the drawings input waveform by sampling providing a
series of     Figure 1 is a schematic diagram of an adaptive 



digital signals. In order to minimize the error     delta modulation
encoding system  constructed between the input waveform  sample and the
according to the principles of the present inven- corresponding digital
signal the error is derived    65   tion. 2    3
0 085 297 B1 Figure 2 is a schematic diagram of the ADM to       The
outputs of the ADM bit generator 20 are PCM converter of Figure 1.
also connected to a Best Pattern stack of registers Figure 3 is a schematic
diagram of a portion of  24. The output of register 24a in stack 24 corre-
the schematic diagram of Figure 2.                   sponding to the most
current ADM bit in the Figure 4 is a schematic diagram of the error    5
pattern stored therein is connected to a Current generation circuit of
Figure 1.                     Step generator 26, to the input of Current
Bit Figure 5 is a schematic diagram of a system       register 22, and to
the input of an ADM data base control circuit suitable for generating the
control  28. The output of the Current Step generator 26 is pulses utilized
by the circuit shown in Figure 1.   connected to an input of the bits to
voltages 10   converter 18. Detailed description of the preferred
embodiment      The output of the Error Generation circuit 14 is Figure 1
is a block diagram of an ADM data        connected to the input of an Error
value storage signal encoding system constructed according to     register
30. The output of the error register 30 is the principles of the present
invention. The        connected to the input of a Minimum Error value
embodiment shown in Figure 1 operates on a    15   storage register 32 and
to one input of a com- pulse code modulation ("PCM") data base 10 to
parator 34. The other input of the comparator 34 generate a stream of ADM
data bits based on the     is connected to the output of the Minimum Error
PCM data read out serially from the data base 10.   register 32. The output
of the comparator 34 is The ADM data bits can be demodulated by a
connected to one. input of an AND gate 36. standard one bit memory adaptive
delta demodu-   20   A Control circuit 38 generates a series of control
lator such as described in "Adaptive Delta Modu-    signals which are
outputted on lines A-F. Line A lation with a One-Bit Memory", by N. S.
Jayant,     controls the transfer of PCM data from the PCM The Bell System
Technical Journal, Vol. 49, No. 3,  data base 10 to the PCM voltage
register stack 12. March, 1970.                                        Line
B controls the conversion of the bit pattern The PCM data base 10 comprises
a series of   25   appearing at the inputs of the converter 18 to the
sequential digital words corresponding to the       PCM voltage values
which are applied to the instantaneous signal level of a waveform which is
output of Converter 18. Line C controls the trans- to be encoded into ADM
data. The sample rate of     fer of the computed error signal from the
Error the PCM data is equal to the bit rate of the ADM    Generation
circuit 14to the Error register 30. Line data to be generated.
30   D is connected to the input of AND gate 36. The The words of PCM data
may be provided in any      signal on Line D controls the transfer of the
error suitable digital format. Thus, for example, 32 bit  signal from
register 30 to register 32, controls the floating point format provides a
useful encoding    transfer of the ADM voltage level signal in register
format because of the wide range of values which    16b to the NEXT
register 17, and causes the bit may be expressed for the number of bits
utilized,   35   pattern in the ADM bit generator 20 to be trans- and
because relatively inexpensive devices are      ferred to the Best Pattern
stack of registers 24. The available which operate on data so formatted and
signal on control Line E increments the ADM bit which can be used in the
practice of the invention.  pattern generator. The signal on control Line F
The PCM data is generated according to known      sets the minimum error
register 32 to a maximum techniques and is stored in a suitable storage
40   value transfers the signal in the NEXT register 17 medium, for example
a computer memory. The          to register 16a in the ADM voltage register
stack stored PCM data forms. the PCM data base 10..       16, updates. the
current step generator 26, The output of the PCM data base 10 is con-
ihitializes the ADM bit generator to all zeros, and nected to the input of
a "queue", or stack of       causes the most current bit of the pattern
stored registers 12 connected in last-in-first-out ("LIFO")   45   in the
Best Pattern register stack 24 to be trans- configuration. Each of the
registers 12a-12e in    -     ferred to the ADM data base 28.  - the stack
12 is connected to one of a first set of    The circuit shown in Figure 1
operates in the inputs 14a-14e of an error generation. circuit 14.
following manner. Initially, a pulse is applied on A second set of inputs
14f-14j of the error         line A to transfer a word of PCM data to the
stack generation circuit 14 is connected to the outputs   50   of PCM
voltage register 12. The remainder of the of five registers 16b-16f of a
stack 16 of such     system could be activated at this time, however, it
registers connected in parallel configuration. The  is preferable to repeat
the application of a pulse inputs of registers 16a-16f are connected to the
on line A four more times so as to completely load outputs of a converter
18 which converts a series   the stack 12 of PCM voltage registers. In this
way of sequential ADM  bits into a corresponding    55   valid ADM data is
generated from the start, and 



series of PCM  voltage values. Five inputs          the generation of
several bits of spurious start-up 18b-18f of the converter 18 are connected
to the    data is avoided. outputs of an ADM bits generator 20. The ADM
Next, a signal is applied on line B which causes bits generator 20 is a
five bit counter which in    the ADM bits to voltages converter 18 to
convert single count cycle counts from 00000 to 11111 in   60   the pattern
of ADM bits from generator 20 which binary. The ADM bits generator 20 thus
generates    are applied to the input of converter 18 to be in one count
cycle all possible combinations of     converted into a corresponding
series of voltage bits in a five bit sequence; The sixth input 18a of
values. The series of ADM voltage values thus the converter 18 is connected
to the output of a    generated corresponds to the waveform which current
bit register 22.                      65   would  be generated  by an
adaptive delta 3    5               EP 0 085 297 B1                   6
demodulator in the process of demodulating the      value, transfers the
values stored in the NEXT pattern of ADM bits appearing at the output of
the  register 17 to register 16a, increments the Current ADM bits generator
20. The initial pattern in the   Step generator 26 and resets the ADM  bits
ADM bits generator 20 is a series of zeros. Hence,  generator 20 to all
zeros. The signal on Line F also the initial ADM voltage values generated
by the    5    causes the current Best Pattern ADM bit stored in converter
18 is a series of values corresponding to  register 24a to be transferred
to the ADM data a negative going portion of waveform. As the        base
28, to the Current Bit register 22 and to the voltage values are generated
by converter 18 they   Current Step generator 26. are also simultaneously
loaded into registers        In an operational sequence, the five PCM volt-
16b-1 6f of the stack 16 of ADM voltage registers.   10   ages stored in
registers 12a-12e provide a Register 16a, being the current ADM voltage
sequence of waveform level reference points at value register, is
maintained at its initial zero   intervals corresponding to the sampling
rate of level.                                             the sequence of
ADM  bits generated by the At this point in the sequence the Error Genera-
system. After the PCM voltage values are loaded tion circuit 14 has at
inputs 14a-14e the series of   15   into stack 12 of registers by the
application of the PCM voltages accessed from the PCM data base
signal on Line A the signal on Line B causes the 10, and has at inputs
14f-14j the sequence of      ADM bits pattern appearing at the output of
the corresponding generated ADM voltages based on      ADM bits generator
20 to be converted into a the bit pattern in ADM bits generator 20. The
Error  sequence of voltage values corresponding to the Generation circuit
14 operates on corresponding    20   waveform which would be generated by
the inputs 14a and 14f, 14b and 14g, 14c and 14h, 14d   demodulation of the
generated pattern of ADM and 14i, and 14e and 14j, and generates a numeri-
bits by an ADM  demodulator. This series of cal value signal corresponding
to the mean          voltage values is stored in the ADM..yoltages square
difference between the corresponding        registers 16b-16f. PCM voltages
and ADM voltages.                25     The voltage values stored in
register 16b-16f Next, a signal is applied to Line C which causes  are
applied to inputs 14f-14j of the error genera- the computed error signal
from Error Generation    tion circuit. Thus, following the application of
circuit 14 to be loaded into the Error register 30.  signals on Lines A and
B the error generation The output of the Error register 30 is applied to
circuit 14 has applied to the inputs thereof the the input of comparator
34. The other input of   30   sequence of reference PCM  voltages (inputs
comparator 34 is connected to the output of         14a-14e) and a
corresponding sequence of Minimum Error register 32 which, it will be
recal-  generated voltage values (14f-14j) for compari- led, is initially
set to its maximum value. When the  son in the error generation circuit 14
and conse- output of Error register 30 is smaller than the    quent
generation of a signal representative of the output of Minimum Error
register 32, the output   35   mean square error between the sequence of of
comparator 34 is at a high state. If not, the   voltage values being
compared. Upon the output of comparator 34 is low. In this way, the
application of a signal on Line C, the computed appearance of a lower error
value in register 30    error signal is transferred to the error register
30 than previously computed error values causes a     for storage. high
output in comparator 34.                 40     It will be recalled that
the initial setting in the Subsequently, a pulse is applied on Line D. If
minimum error register 32 is the maximum value the output of comparator 34
is low, the pulse on    possible. Thus, after the. first computed error
line D does not change the output of AND gate 36   signal, which in nearly
every case will be some- which remains low. However, if the output of
thing less than the maximum possible value, is comparator 34 is highthe
application of the pulse   45   stored in Error-register 30, the comparison
made on line D causes a pulse to appear as well at the   at the inputs of
comparator 34 results in the output of AND gate 36. The pulse at the output
of  output of comparator 34 going high, indicating AND gate 36 causes the
signal stored in Error     that the value in Error register 30 is less than
the 



register 30 to be transferred to Minimum Error     value in Minimum Error
register 32. In general, a register 32, causes the ADM voltage value in
50   high level at the output of comparator 34 corre- register 16b to be
transferred to the NEXT register  sponds to a determination by the circuit
that the 17, and causes the ADM bits pattern in generator   mean square
error difference of the current ADM 20 to be transferred to the Best
Pattern stack of  bits pattern appearing at the outputs of generator
registers 24.                                      20 is less than any
previously determined mean A signal on Line E then increments the ADM    55
square error for previous patterns of ADM bits. bits generator 20 causing a
new pattern (00001) to   Because of the high level at the output of appear
at the output thereof which is the next bit  comparator 34, the application
of a signal on Line pattern in the count sequence.                     D
results in the appearance of a corresponding The steps controlled by signal
lines B, C, D and  signal at the output of AND gate 36. This causes E are
repeated 32 times [err] thus causing a    60   the error value stored in
Error register 30 to be complete cycling of ADM bits generator 20 and
transferred to the Minimum Error register 32, the the error generation and
error comparison func-     ADM voltage value stored in register 16b to be
tions for each generator 20 bit pattern.           transferred to the NEXT
register 17, and causes A signal then appears on Line F which resets
the ADM bits pattern in generator 20, determined the Minimum Error register
32 to its maximum    65   to have the minimum mean square error, to be 4
7               EP 0 085 297 B1                     8 transferred to the
Best Pattern stack of registers  b'-f', respectively. The outputs of ADM
bits 24, thus preserving the pattern in the event that,  generator 20 are
connected as shown to the upon the completion of the cycle, that pattern is
inputs of five exclusive OR gates 50-58. the pattern which has the least
mean square error    The output of current ADM bits register 22 is among
all possible patterns of five bits.     5    connected to one input of
exclusive OR gate 50 The signals on Lines B, C, D and E cycle in the   and
to one input of a further exclusive OR gate 76, manner described above
repetitively until all      as shown. possible combinations of bits in ADM
bits           The other input of exclusive OR gate 76 is generator 20 have
been generated and subject to     connected to the least significant bit
register 24a the Error Generation tests implemented by the   10   of the
stack of Best Pattern registers 24 (Figure 1). circuitry in the manner
described above. At the     The output of exclusive OR gate 76 is connected
completion of this cycle, the pattern of ADM bits  to one input of a
further AND gate 78, and to the producing, when subject to ADM
demodulation, a     input of an inverting amplifier 80, the output of
waveform  having minimum  possible error as        which is connected to
one input of another AND compared with the waveform represented by the
15   gate 82. The other inputs of AND gates 78 and 82 sequence of reference
PCM voltages, is stored in    are connected to Line F. the Best Pattern
register stack 24.                  The output of AND gate 78 is connected
to the Following the last cycle of lines B-E, a signal is  DOWN INPUT of a
current step counter 84, while applied to Line F, causing the first bit in
the Best  the output of AND gate 82 is connected to the UP Pattern register
stack 24 to be transferred to the   20   INPUT of counter 84. The output of
current step ADM data base 28. The signal on Line F also         counter 84
is connected to the input of step causes the Minimum Error register 32 to
be reset   counter 86. with the maximum value transfers the corre-
The bit values appearing at the output of ADM sponding ADM voltage value
stored in the NEXT       bits generator 20 are applied to OR gates 50-58,
register 17 to the current ADM voltage value   25   along with the contents
of current ADM bit regis- register 16a, increments the Current Step
ter 22, and are clocked sequentially by the signals generator 26 in a
manner described in detail        on Lines b-f so as to sequentially pass
through below, and resets the ADM bits generator 20 to all  OR gates 60-68
signals representative of the zeros, all in preparation for a subsequent
cycling  difference between adjacent bits in the current for comparison
with the next sequence of PCM    30   ADM bits pattern. These pulses are
applied to the voltages.                                          input of
AND gate 70 and are thereby passed Then, following the application of a
signal on    through to the DIRECTION input of step counter Line F, a
signal is applied again to Line A, thereby  86. The sequence of pulses
appearing on Lines loading the next PCM data value into register 12e,  b-f
are also applied to the input of AND gate 74 and shifting the contents of
registers 12b-12e up    35   which passes each of them through to be
applied to registers 12a to 12d. The previous contents of   to the CLOCK
input of counter 72. register 12a are simply destroyed. The aforemen-
The output of counter 72 is applied to the "s" tioned cycling of Lines B-E
is then implemented    input of a series of function implementing circuits
to derive the Best Pattern of ADM bits for the      86-94. The function
implementing  circuits sequence of reference voltage values in stack 12
40   86-94 also receive as inputs the outputs of the of registers, and the
most current bit from the     ADM generator 20, respectively, as well as
the 



Best Pattern is stored in the next bit location in the  contents of
registers 16a-16e, respectively. ADM data base 28.
These inputs are operated on in a manner which The entire sequence
continues as described        is described below, to generate the' corre-
above until all of the PCM data words have been    45   sponding ADM
voltages for the pattern of bits cycled through the stack 12 of PCM
voltages and     appearing at the output of the ADM bits generator the ADM
data base 28 is completely constructed.     20. The resulting ADM data base
28 is optimized so as    The outputs of the function implementing cir- to
produce, upon ADM demodulation a waveform        cuits 86-94 are
transferred sequentially to regis- having the least error as compared with
the    50   ters 16b-16f, respectively, in response to pulses waveform
represented by the PCM data base 10        appearing on Lines b'-f'. as
computed by the error generation function         A conversion sequence by
the circuit in Figure 2 implemented in the error generation circuit 14.
proceeds as follows. It will be noted initially that Figure 2 is the
schematic diagram of the bits to  the outputs of the ADM bits generator 20
are voltages converter 18 of Figure 1. As shown, Line   55   connected to
exclusive OR gates 50-58 which are B described in connection with Figure 1
is actually  in turn connected to OR gates 60-68 along with comprised of
six lines; a, b, c, d, e, and f. The   Lines b-f such that a negative-going
pulse signal on Line B actually comprises a sequential    appearing on Line
b, c, d, e or f will cause a series of negative-going pulses on lines a-f,
negative-going pulse at the output of OR gate 60, beginning with the
initial pulse on line a. Line a is   so   62, 64, 66 or 68, respectively,
only if both of the connected to the LOAD input of Step Counter 72.    two
ADM bits generator 20 outputs connected to Lines b-f are connected to the
input of five OR    the inputs of the respective exclusive OR gates gates
60-68, to the input of an AND gate 74 and     are both zeros or both ones.
Otherwise, the OR to the inputs of five delay lines 75a-75e. The      gate
output remains high. Consequently, a nega- outputs of delay lines 75a-75e
comprise lines   65   tive-going pulse appears at the output of AND 5    9
EP  0 085 297  B1                   10 gate 70 only when a negative-going
pulse            is connected to the SELECT input of multiplexer appears on
one of lines b-f and the two              114. Multiplexer 114 selects
between two inputs inputs to the associated exclusive OR for that       set
to digital words corresponding to -1.00 and line, for example, exclusive OR
gate 50 asso-        1.00, respectively. The output of digital multi-
ciated with Line b, are both either high or low.    5    plier 112,
representing the expression Each of the pulses appearing on Lines b-f is
transferred through AND gate 74 and appears                    [err]
(.0535) [err] at the CLOCK input to step counter 72. The step counter 72
counts in steps up or          is applied to one input of a digital summer
120. down between the range of zero and four in   10   The previous current
ADM voltage value, "X', response to the appearance of a pulse signal at
is applied to one input of a further digital mul- the clock input thereof.
The counter counts up      tiplier 122, the other input of which is con- if
the signal level at the DIRECTION input is        nected to a digital
switch set to the value .9588. zero. If the direction input is one, the
counter     The output of multiplier 122, representing the counts down from
the previous step. The step    15   quantity .9588X, is applied to the
other input of counter 72 starts counting from an initial count     summer
120. The output of summer 120, provided to it from the output of current
step       representing the complete expression F (X, S. counter 84. The
current step counter performs        D), forms the output of the function
implement- a similar function as that of step counter 72,       ing circuit
86. only current step counter 84 is clocked by the    20   A schematic
diagram of the error generation pulse on line F, to keep track of the
current        circuit 14 of Figure 1 is shown in Figure 4. The Best
Pattern least significant bit so as to pro-     error function circuit
operates on the set of vide the proper initial count value from which
inputs 14a-14e and on the set of inputs step counter 72 counts at the
beginning of a         14f-14j to produce an output signal repre- cycle of
clock pulses on lines b-f.            25   sentative  of the  mean  square
difference In this way, step counter 72 provides as an        between
corresponding inputs in each set of output a series of step values
corresponding to     inputs. The circuit has provision for weighting the
step values which would be produced in          the error contributions
from each pair of inputs real time by an ADM demodulator demodulat-
according to a desired weighting function. For ing the series of ADM  bits
appearing at the    30   example, if desired, error values generated for
output of ADM Bits generator 20. This step out-      reference voltage
values of lower magnitude put is applied to the function implementing cir-
may be given greater weight in the composite cuits 86-94 and operated on in
a manner              error signal value generated by the circuit. which
will now be described in connection with         The circuit operates in
the following manner. 



Figure 3.                                      35   The reference voltage
on input line 14a is Figure 3 is a schematic diagram of one of the
applied to the plus input of a subtractor 126, function implementing
circuits 86 shown in Fig-      while the generated voltage value on line
14f is ure 2. Each of the function implementing cir-        applied to the
minus input of subtractor 126. cuits 86-94 is the same, and therefore the
Likewise, input lines 14b-14e are applied to description in connection with
circuit 86 applies   40   the plus inputs of subtractors 128-134, respec-
as well to each of the other circuits 88-94.         tively, while inputs
14g-14j are applied to the Function implementing circuit 86 operates on
negative inputs thereof, respectively. The out- the X, D and S inputs in a
manner so as to    puts of subtractors 126-134 are applied to the implement
the following transfer function:          inputs of squaring devices
136-144, respec- 45   tively. F.(X, S, D)=.9588X+ [err](.0535) [err]
Input lines 14a-14e are also connected to the inputs of function
implementing circuits This function represents an approximation of
146-154,  respectively, which  control  the the transfer function for a
standard one bit         weighting factor. The function implementing memory
adaptive delta demodulator. Thus, the    50   circuits 146-154 operate on
the associated "next step" input, S is applied to the SELECT        input
signals  and  implement a  selected input of a multiplexer 96 which selects
one of       mathematical function thereon in a manner five inputs each
connected to one of five corre-     similar to that described above in
connection sponding switches 98-106, each set to a differ-     with Figure
3. Thus, for example, the function ent digital value, 1.00, 1.45, 1.452,
1.453, 1.454,   55    may be 1/(input). In that event, mean square
respectively. The output of multiplexer 96 thus      differences between
generated voltage levels represents the quantity [err].
and relatively lower magnitude reference volt- The output of the
multiplexer 96 is applied to     age levels are given greater weight in
comput- one input of a digital multiplier 108, the other     ing the total
error value for a particular input of which is connected to digital switch
60   sequence of samples. Such a weighting func- 110 set to the number
0.0535. The output of          tion would be considered desirable if it
were multiplier 108 is applied to one input of            determined for a
particular application that another multiplier 112, the other input of
which     deviations in the waveform at lower levels have is connected to
the output of yet another            greater impact on the characteristic
desired to multiplexer 114. The next ADM digit input, "D",   65   be
recovered from  the reconstructed  ADM 6    11            EP 0 085 297  B1
12 demodulated waveform, for example the intelligi-   outputs 6, 7 and 8
comprise Lines C, D, and E, bility of an ADM encoded voice waveform. The
respectively. present preferred application of the present         The
output of 500 nanosecond delay 186 is also invention is to encode audio
data for recording on      connected to the rising edge input of a further
100 an optical disc. In this connection, the preferred    5    nanosecond
one shot 202. The Q output of one weighting function, f(x), is
shot 202 is connected to the inverting SET input of [err]
another flip flop 204. The Q output of flip flop 204 is connected to the
ENABLE input of decoder 194. The carry output of counter 192 is applied to
the which  provides  a  logarithmic  weighting    10   input of a
divide-by-32 device 196, the output of emphasizing lower signal levels. The
implemen-     which is connected to the rising edge input of a tation of
this function is well within the scope of  still further 100 nanosecond one
shot 198, to the one having ordinary skill in this art.             input
of a divide by 353,280 device 200 and to the The output of function
implementing circuit 146   inverting CLEAR input of flip flop 204. The
output is applied to one input of a multiplier 156, the   is   of divide by
353,280 is connected to the inverting other input of which is connected to
the output of  RESET input of one shot 174. The Q output of one squarer
136. Similar connections are made          shot 198 is connected to the
inverting RESET between function implementing circuits 148-154     input of
flip-flop 184 and also is connected to Line and squarers 138-144, and
multipliers 158-164.      F. The outputs of multipliers 156-164 are applied
to   20  The system control circuit operates as follows. the inputs of a
summer 166, the output of which     The start switch 170 is pressed causing
flip-flop comprises the output of error generation circuit   174 to be set,
which in turn triggers one shot 176. 14.
One shot 176 provides an Initialize pulse at the Q A circuit diagram of the
system Control circuit  output thereof. 38 (Figure 1) is shown in Figure 5.
The Control   25  The positive pulse Q output of flip-flop 174 also circuit
38 implements a control pulse generation   causes the application of the
system clock pulses scheme based on the encoding of a 353,280 word      to
the input of divide-by-290 device 182. Two 



PCM data base into an ADM data base of 353,280     hundred and ninety
system clock pulses after the bits.
setting of flip-flop 174 a falling edge signal is A "Start" function is
provided for the control   30   applied to the inverting SET input of
flip-flop 184 circuit 38 by a pushbutton switch 170 which        causing a
pulse to be applied to the input of one connects a five volt source and the
SET input of a  shot 188, thereby generating a negative going flip flop 174
to ground through a resistor 172, as  pulse output which is applied to Line
A. shown. Pushing the start button 170 provides a       The signal at the Q
output of flip-flop 184 is also negative going pulse to the SET input of
flip flop    35   applied to the 500 nanosecond delay 186 which 174 causing
the Q output thereof to go high. The   delays the pulse by 500 nanoseconds
and then Q output of flip flop 174 is connected to the rising  applies it
to AND gate 190 and the inverting input edge input of a one shot 176 which
provides a one  of one shot 202. One shot 202 outputs a 100 microsecond
pulse at its Q output which can be     nanosecond pulse which sets
flip-flop 204 and used for initializing the circuit shown in Figure 1,   40
enables multiplexer 194. The AND gate 190 for example, for clearing
address-generating       passes the system clock through to the divide by
counters associated with the data base transfers,  nine counter 192 which
immediately causes the and the like.
decoder 194 to begin cycling output pulses on The Q output of flip flop 174
is also applied to  Lines a-e as it counts cyclically from zero to one
input of an AND gate 178 the other input of   45   eight. The carry output
of counter 192 is applied which is connected to the output of a one
to divided by 32 device 196. megahertz system clock 180. The output of AND
After 32 [err] cycles of counter 192, divide-by-32 gate 178 is applied to
the input of a divide-by-290  device 196 produces an output which clears
flip- device 182, the output of which is connected to    flop 204 thereby
disabling decoder 194 and trig- the inverting SET input of a further flip
flop 184.   so   gering one shot 198 which thus produces a The Q output of
flip flop 184 is connected to the  negative pulse output which is applied
to Line F. input of a 500 nanosecond delay 186 and to the     This pulse
output of one shot 198 is also applied rising edge input of a 100
nanosecond one shot     to the reset input of flip-flop 194 to prepare for
the 188. The triggering of the rising edge input of one  next output of
divide-by-290 device 182 to begin shot 188 causes a 100 nanosecond pulse to
be   55   the next complete cycle of the control circuit. The applied to
Line A.                                 output of the divide-by-32 device
196 is also The output of 500 nanosecond delay 186 is        applied to the
input of divide by 353,280 device applied to one input of a further AND
gate 190 the  200 which resets flip-flop 174 after the entire other input
of which is connected to the output of  353,280 byte message has been
encoded. the system clock 180. The output of AND gate 190   60  The
embodiment described above operates is connected to a divide-by-nine
counter 192. The  relatively rapidly, providing optimized ADM bits counter
outputs of divide-by-nine counter 192 are  at a rate of approximately 3
kilohertz. However, connected to the input of a "One of Nine           the
invention may be implemented in a less costly Decoder". The zero through
five outputs of         manner by programming a microprocessor to decoder
194 comprises Lines a-f (Line B), while   65   implement the logic of the
above described cir- 7    13               EP  0 085 297  B1
14 cuit. The rate at which a microprocessor so            mined bit
sequences to obtain subsequent error programmed can generate such optimized
ADM             signals associated with said subsequent predeter- bits may
be significantly less than the rate at        mined bit sequences and said
first predetermined which the above described circuit can generate
group; such bits, but where the ADM data base ulti-    5        (h)
selecting the sequence of adaptive delta mately generated is to be stored
for later use, the    modulation data signals having the lowest asso-
additional time in the generation of the data base     ciated error signal;
may be considered acceptable when other factors         (i) storing at
least one of said selected sequence are considered. Because of cost
considerations         of delta modulation signals data; and flexibility of
modification of the device it is   to  (j) storing sequentially a plurality
of subsequent presently considered preferred to implement the
overlapping groups of sequential digital signals invention by incorporating
the logic of the above      (12a-12e) taken from said series; and described
circuit in the programming of a micro-        (k) performing steps (c)
through (i) on each said processor. Such programming is considered well
subsequent group in iterative sequence to obtain within the scope of one
having ordinary skill in   15    a complete series of delta modulation
signals this art, once the principles of the invention, as
corresponding to said predetermined analog described herein, are
understood.                      waveform. It will be appreciated from the
foregoing that         2. Apparatus for generating a series of delta the
present invention represents a significant         modulation data signals
at a predetermined clock advance in the field of delta modulation encoding
20   rate, corresponding to a predetermined analog 



techniques, especially as applied to adaptive delta   input waveform
comprising: modulation encoding of a segment of audio               (a)
means (10) for providing a series of genera- frequency information to be
stored on a recording      ted digital data signals having values corre-
medium for subsequent recovery, decoding and           sponding to
amplitude values of said waveform in playback.
25   sample units, having a sample rate equal to said predetermined clock
rate; Claims                                                   (b) means
(12) for storing said sequential over- lapping groups of sequential digital
signals taken 1. A method for generating a series of delta        from said
series; modulation data signals at a predetermined clock    30  (C) means
(20) for generating a first predeter- rate, corresponding to a
predetermined analog          mined bit sequence corresponding in its
number input waveform, comprising the steps of:               of bits to
the number of sequential digital signals (a) providing a series of
generated digital         in said group; signals corresponding to amplitude
values of said       (d) means (16, 18) for converting said bit analog
input waveform (PCM data base 10), and    35   sequences into corresponding
sequences of having a sample rate equal to said predetermined       derived
digital signals corresponding to the clock rate;
amplitude values, taken at said sample rate, of a (b) storing a first
predetermined group of           waveform derivable from said bit sequence
by sequential digital signals (12a-12e) taken from       way of delta
demodulation; said series;                                     40     (e)
means (14) for comparing each of said group (c) generating  a first
predetermined  bit           of generated digital signals and each of said
sequence (bit generator 20) corresponding in its      sequences of derived
digital signals with.its asso- number of bits to the number of sequential
digital     ciated groups; signals (12a-12e) in said group;
(f) means (30, 32, 34) for selecting for each said (d) converting that
first bit sequence into a    45    group said sequence of derived digital
signals corresponding sequence of derived digital signals     which have
the lowest associated error, according (18b-18f) corresponding  to  the
amplitude           to a predetermined relationship with said asso- values,
taken at said sample rate, of a waveform       ciated group of generated
digital signals; and derivable from said bit sequence by way of delta
(g) means (24) for storing in a sequential order demodulation;
50    at least one delta modulation signal from each (e) comparing said
derived digital signals          said bit pattern of delta modulation
signals asso- (18b-18f) with said generated digital signals          ciated
with said selected bit sequence. (12a-12e) and generating a first numerical
value        3. Apparatus according to claim 2, wherein said error signal
corresponding to the mean square          means for storing sequential
groups of sequential difference between the amplitude values corre-   ss
digital signals comprises a stack of registers (12). sponding  to  the
generated  digital signals           4. Apparatus according to claim 2,
wherein said (12a-12e) and the amplitude values corre-              means
for generating a series of predetermined sponding to the derived digital
signals (18b-18f);     bit sequences comprises: (f) providing a
predetermined number of subse-        (a) digital counter (20); and quent
predetermined bit sequences, different   60       (b) means (38E) for
incrementing said counter. from  preceding bit sequences, and providing
5. Apparatus according to claim 2, wherein said adaptive delta modulation
data signals for said        means (16, 18) for converting said bit
sequence number of bit sequences;                              comprise
means for generating signals based on (g) performing said steps (d) and (e)
of convert-   said delta modulation signals in accordance with ing and
comparing on said subsequent predeter-   65    a function representative of
conversion from delta 8       13               EP 0085297 BI
14 cult. The rate at which a microprocessor so           mined bit
sequences to obtain subsequent error programmed can generate such optimized
ADM            signals associated with said subsequent predeter- bits may
be significantly less than the rate at       mined bit sequences and said
first predetermined which the above described circuit can generate
group; such bits, but where the ADM data base ulti-    5       (h)
selecting the sequence of adaptive delta mately generated is to be stored
for later use, the   modulation data signals having the lowest asso-
additional time in the generation of the data base    ciated error signal;
may be considered acceptable when other factors          (i) storing at
least one of said selected sequence are considered. Because of cost
considerations        of delta modulation signals data; and flexibility of
modification of the device it is   10  (j) storing sequentially a plurality
of subsequent 



presently considered preferred to implement the       overlapping groups of
sequential digital signals invention by incorporating the logic of the
above     (12a-12e) taken from said series; and described circuit in the
programming of a micro-        (k) performing steps (c) through (i) on each
said processor. Such programming is considered well        subsequent group
in iterative sequence to obtain within the scope of one having ordinary
skill in   15   a complete series of delta modulation signals this art,
once the principles of the invention, as    corresponding to said
predetermined analog described herein, are understood.
waveform. It will be appreciated from the foregoing that        2.
Apparatus for generating a series of delta the present invention represents
a significant        modulation data signals at a predetermined clock
advance in the field of delta modulation encoding    20   rate,
corresponding to a predetermined analog techniques, especially as applied
to adaptive delta   input waveform comprising: modulation encoding of a
segment of audio               (a) means (10) for providing a series of
genera- frequency information to be stored on a recording     ted digital
data signals having values corre- medium for subsequent recovery, decoding
and          sponding to amplitude values of said waveform in playback.
25   sample units, having a sample rate equal to said predetermined clock
rate; Claims                                                  (b) means
(12) for storing said sequential over- lapping groups of sequential digital
signals taken 1. A method for generating a series of delta        from said
series; modulation data signals at a predetermined clock    30  (c) means
(20) for generating a first predeter- rate, corresponding to a
predetermined analog         mined bit sequence corresponding in its number
input waveform, comprising the steps of:              of bits to the number
of sequential digital signals (a) providing a series of generated digital
in said group; signalscorrespondingtoamplitudevaluesofsaid             (d)
means (16, 18) for converting said bit analog input waveform (PCM data base
10), and    35   sequences into corresponding sequences of having a sample
rate equal to said predetermined      derived digital signals corresponding
to the clock rate;                                           amplitude
values, taken at said sample rate, of a (b) storing a first predetermined
group of          waveform derivable from said bit sequence by sequential
digital signals (12a-12e) taken from       way of delta demodulation; said
series;                                    40      (e) means (14) for
comparing each of said group (c) generating  a  first predetermined  bit
of generated digital signals and each of said sequence (bit generator 20)
corresponding in its      sequences of derived digital signals with its
asso- number of bits to the number of sequential digital       dated
groups; signals (12a-12e) in said group;                (f) means (30, 32,
34) for selecting for each said (d) converting that first bit sequence into
a    45    group said sequence of derived digital signals corresponding
sequence of derived digital signals     which have the lowest associated
error, according (18b-18f)  corresponding  to  the  amplitude          to a
predetermined relationship with said asso- values, taken at said sample
rate, of a waveform      ciated group of generated digital signals; and
derivable from said bit sequence by way of delta        (g) means (24) for
storing in a sequential order demodulation;
so   at least one delta modulation signal from each (e) comparing said
derived digital signals           said bit pattern of delta modulation
signals asso- (18b-18f) with said generated digital signals         ciated
with said selected bit sequence. (12a-12e) and generating a first numerical
value        3. Apparatus according to claim 2, wherein said error signal
corresponding to the mean square         means for storing sequential
groups of sequential difference between the amplitude values corre-    55
digital signals comprises a stack of registers (12). sponding  to  the
generated  digital signals           4. Apparatus according to claim 2,
wherein said (12a-12e) and the amplitude values corre-             means
for generating a series of predetermined sponding to the derived digital
signals (18b-18f);    bit sequences comprises: (f) providing a
predetermined number of subse-         (a) digital counter (20); and quent
predetermined bit sequences, different    60      (b) means (38E) for
incrementing said counter. from  preceding bit sequences, and providing
5. Apparatus according to claim 2, wherein said adaptive delta modulation
data signals for said       means (16, 18) for converting said bit sequence
number of bit sequences;                               comprise means for
generating signals based on (g) performing said steps (d) and (e) of
convert-   said delta modulation signals in accordance with ing and
comparing on said subsequent predeter-   65    a function representative of
conversion from delta 8    15              EP  0 085 297 B1
16 modulation to the digital format of said genera-    die unterschiedlich
zu den vorangehenden Bit- ted digital signals.
folgen sind, und Bereitstellen adaptiver Delta- 6. Apparatus according to
claim 2, wherein        modulations-Datensignale for die Anzahl von 



said means for comparing comprises error            Bitfolgen; means (14,
30-34) for comparing said genera-    5      (g) Ausfuhren der Schritte d
und e des ted digital signals with said derived digital        Umwandelns
und des Vergleichens mit den signals, sample unit by sample unit, and for
nachfolgenden  vorbestimmten  Bitfolgen, um generating an error signal
corresponding to the     nachfolgende Fehlersignale zu erhalten, die mit
sum  of the difference values between said          den  nachfolgenden
vorbestimmten  Bitfolgen signals determined by said comparison, weigh-   10
und der ersten vorbestimmten Gruppe verknupft ted by a predetermined
weighting function, (Fig.    sind; 4).
(h) Auswahlen der Folge von adaptiven Delta- 7. Apparatus according to
claim 6, wherein         modulations-Datensignalen, die das niedrigste said
difference value comprises the square of        assoziierte Fehlersignal
aufweisen; the amount of said difference.                 15    Mi
Speichern von wenigstens einer ausge- 8. Apparatus according to claim 7,
wherein         wihiten Folge der Deltamodulations-Signale; said weighting
function comprises the inverse of     (j) aufeinanderfolgendes Speichern
einer Viel- said difference value.                              zahl von
nachfolgenden sich uberschneidenden 9. Apparatus according to claim  2,
further       Gruppen von aufeinanderfolgenden  digitalen comprising means
for controlling sequentially   20   Signalen (12a-12e), die der Serie
entnommen said means for storing sequential groups, said      sind; means
for providing a series of bit sequences,       (k) und Ausfuhren der
Schritte c bis i fur jede said means for converting, said means for com-
nachfolgende Gruppe in iterativer Folge, um paring and said means for
storing in a sequen-      eine vollstandige Serie von Deltamodulations-
tial order, such that the functions of said   25   Signalen, die der
vorbestimmten analogen Wel- elements are performed in iterative fashion.
lenform entsprechen, zu erhalten. 2. Vorrichtung for die Erzeugung einer
Serie Patentanspriche                                     von
Deltamodulations-Signalen  entsprechend einer vorbestimmten
Eingangswellenform bei 1. Ein Verfahren fMr die Erzeugung einer Serie   30
einer-vorbestimmten Taktfrequenz, mit: von  Deltamodulations-Datensignalen
entspre-         (a) einer Einrichtung (10) fMr die Bereitstellung chend
einer vorbestimmten analogen Eingangs-        von erzeugten digitalen
Datensignalen mit Wer- wellenformen bei einer vorbestimmten Taktfe-
ten entsprechend dem  Amplitudenwerten der quenz, mit den
Verfahrensschritten:                 Wellenform in Abtasteinheiten, wobei
die Abta- (a) Bereitstellen einer Serie von erzeugten    35   strate gleich
der vorbestimmten Tatkfrequenz digitalen Signalen entsprechend dem Amplitu-
ist; e .          denwerten der analogen Eingangswellenform             (b)
eine Einrichtung (12) fOr die Speicherung (PCM-Datenbasis 10), und
Anwenden  einer           der aufeinanderfolgenden sich uberschneiden-
Abtastrate gleich der vorbestimmten Taktfre-        den Gruppen von
aufeinanderfolgenden digita- quenz;
40   len Signalen, die der Serie entnommen sind; (b) Speichern einer ersten
vorbestimmten            (c) eine Einrichtung (20) fur die Erzeugung Gruppe
von  aufeinanderfolgenden  digitalen        einer ersten  vorbestimmten
Bitfolge, deren iiw=Signlen(12a12e).di ~  der Serie entnommen .
CAnzahktvoneBits::deAnizahhl der:aufainaaF #ol l snd;;^
-   -           genden- digitalen Signale in der Gruppe ent- (c) Erzeugen
einer ersten vorbestimmten Bit-   45   spricht; folge (Bitgenerator 20),
deren Anzahl von Bits       (d) eine Einrichtung (16, 18) far die Umwand-
der Anzahl von aufeinanderfolgenden digitalen      lung der Bitfolge in
eine entsprechende Folge Signalen (12a-12e) in der Gruppe entspricht;
von abgeleiteten digitalen Signalen, die den bei (d) Umwandeln der ersten
Bitfolge in eine         der Abtastrate aufgenommenen Amplitudenwer-
entsprechende Folge von abgeleiteten digitalen    50   ten einer
Wellenform, die von der Bitfolge auf Signalen (18b-18f), die den bei der
Abtastrate      dem Wege der Deltademodulation ableitbar ist, aufgenommenen
Amplitudenwerten einer Wel-           entsprechen; lenform, die von der
Bitfolge auf dem Wege der        (e) eine Einrichtung (14) fOr den
Vergleich von Deltademodulation ableitbar ist, entsprechen;      jeder der
Gruppe von erzeugten digitalen Signa- (e) Vergleichen  der abgeleiteten
Signale   55   len und jeder der Folgen von abgeleiteten digi- (18b-18f)
mit den erzeugten digitalen Signalen      talen Signalen mit ihren
assoziierten Gruppen; (12a-12e) und Erzeugen eines ersten Zahlen-
(fl eine Einrichtung (30, 32, 34) fOr die Aus- wertfehlersignals
entsprechend  der mittleren       wahl der Folge von abgeleiteten Signalen,
die quadratischen  Differenz zwischen  den  den         den niedrigsten
assoziierten  Fehler entspre- erzeugten digitalen Signalen (12a-12e)
entspre-   60   chend einer vorbestimmten Beziehung mit der chenden
Amplitudenwerten und den abgeleite-         assoziierten Gruppe von
erzeugten digitalen ten digitalen Signalen (18b-18f) entsprechen-
Signalen aufweisen, fMr jede Gruppe; und den Amplitudenwerten;
(g) eine Einrichtung (24) fMr die Speicherung (fM Bereitstellen einer
vorbestimmten Anzahl      in sequenzieller Reihenfolge von wenigstens von
nachfolgenden vorbestimmten Bitfolgen,   65   einem Deltamodulationssignal
aus jedem Bitmu- 9 
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Deltamodulationssignalen, die mit der     pr6determinee (generateur de bits
20) correspon- ausgewahiten Bitfolge assoziiert sind.             dant, en
nombre de bits, au nombre de signaux 3. Vorrichtung nach Anspruch 2, wobei
die        numeriques sequentiels (12a-12e) dans ledit Einrichtung fOr die
Speicherung aufeinanderfol-    groupe; genden Gruppen von
aufeinanderfolgenden digi-    5  (d) convertir cette premiere s6quence
binaire en talen Signalen einen Stapelspeicher von Registern  une sequence
correspondante de signaux num6ri- (12) umfalt.
ques derives (18b-18f) correspondent aux 4. Vorrichtung nach Anspruch 2,
wobei die        valsurs d'amplitude, prises A ladite frequence Einrichtung
fOr die Erzeugung einer Serie von      d'echantillons, d'une forme d'onde
pouvant etre vorbestimmten Bitfolgen.                     10   deriv6e de
ladite s6quence binaire par d6modula- (a) einen digitalen Zahler (20); und
tion delta; (b eine Einrichtung (38E) fOr die Inkrementie-    (e) comparer
lesdits signaux numeriques rung des Zahlers umfalt.
derives (18b-18f) auxdits signaux num6riques 5. Vorrichtung nach Anspruch
2, wobei die        g6n6r6s (12a-12e) et produire un premier signal
Einrichtung (16, 18) fMr die Umwandlung der   15   d'erreur de valeur
num6rique correspondant a la Bitfolge eine Einrichtung fOr die Erzeugung
von   diff6rence moyenne quadratique entre les velours auf den
Deltamodulationssignalen basierenden      d'amplitude correspondent aux
signaux numeri- Signalen in Obereinstimmung mit einer fur die     ques
g6ner6s (12a-12e) et les valeurs d'ampli- Umwandlung von der
Deltamodulation in das         tude correspondent aux signaux numeriques
digitale Format der erzeugten digitalen Signale   20   deriv6s (18b-18f);
reprasentativen Funktion umfaBt.                    (f) produire un nombre
predetermine de 6. Vorrichtung nach Anspruch 2, wobei die        sequences
binaires  predetermin6es  subs6- Einrichtung zum Vergleichen einer
Fehlereinrich-   quentes, differentes des sequences binaires prec6- tung
(14, 30-34) fOr den Vergleich der erzeugten   dentes, et produire des
signaux de donn6es de digitalen Signale mit den abgeleiteten digitalen   25
modulation delta adaptive pour ledit nombre de Signalen, Abtasteinheit fOr
Abtasteinheit, und fOr  sequences binaires; die Erzeugung eines
Fehlersignals umfalt, das der   (g) accomplir lesdites etapes d) et e) pour
Summe der Differenzwerte zwischen den durch       convertir et comparer sur
lesdites sequences den Vergleich ermittelten Signalen, gewichtet
binaires pr6determinees subsequentes pour obte- durch eine vorbestimmte
Wichtungsfunktion, ent-   30   nir des signaux subs6quents d'erreur
associees spricht, (Fig. 4).                                auxdites
sequences binaires subs6quentes prede- 7. Vorrichtung nach Anspruch 6,
wobei der       terminees et audit premier groupe pr6d6termine;
Differenzwert des Quadrat des Betrages der Diffe-   (h) choisir la sequence
de signaux de donn6es renz umfalft.                                     en
modulation delta adaptive ayant le plus faible 8. Vorrichtung nach Anspruch
7, wobei die   35   signal d'erreur associ6; Wichtungsfunktion den Kehrwert
des Differen-        (i) stocker au moins l'une de ladite sequence zwertes
umfa~t.                                    choisie de donnees de signaux en
modulation 9. Vorrichtung nach Anspruch 2, mit einer        delta; weiteren
Einrichtung fOr die sequenzielle Steue-    U) stocker s6quentiellement un
certain nombre rung der Einrichtung fOr die Speicherung der   40
degroupes subsequentsse recouvrantdesignaux aufeinanderfolgenden Gruppen,
der Einrichtung      numeriques sequentiels (12a-1Ze) pris de ladite fOrdie
Bereitstellung einerSerievon Bitfolgen, der  s6rie; ~EiXclturIg-fir
dieWUmwandlung, der Einrichtung   -k) et- accomplir les Mtapes Cc) a
(i)sur. chiaque ffir den Vergleich und der Einrichtung f~r die     groupe
subsequent en s6quence it6rative pour Speicherung in sequenzieller
Reihenfolge, so daB    45   obtenir une serie complete de signaux en
modula- die Funktionen dieser Elemente in iterativer Weise  tion delta
correspondent A ladite forme d'onde ausgefOhrt werden.
analogique pred6termin6e. 2. Appareil pour produire une s6rie de signaux
Revendications                                    de donnees en modulation
delta a une frequence 50   predetermin6e d'horloge correspondent A une 1.
Methode pour produire une sbrie de signaux    forme d'onde d'entr6e
analogique pred6termin6e de donnees en modulation delta a une frequence
comprenant: predeterminbe d'horloge, correspondent a une        (a) un
moyen (10) pour produire une serie de forme d'onde d'entr~e analogique
predeterminee,   signaux de donnees numeriques generes ayant comprenant les
etapes de:                    55   des valeurs correspondent aux valeurs
d'ampli- (a) produire une serie de signaux numeriques     tude de ladite
forme d'onde dans des unites generes correspondent 3 des valeurs
d'amplitude    d'echantillon, ayant une frequence d'echantillons de ladite
forme d'onde d'entree analogique (base  egale A ladite frequence
predetermin6e d'horloge; de donnees PCM 10) et ayant une frequence
(b) un moyen (12) pour stocker lesdits groupes 



d'6chantillons egale A ladite frequence predeter-   60   sequentiels so
recouvrant de signaux numeriques minee d'horloge;
sequentiels pris de ladite serie; Cb) stocker un premier groupe
predetermine de     (c) un moyen (20) pour produire une premiere signaux
numeriques sequentiels (12a-12e) pris     sequence binaire predeterminee
correspondent, de ladite serie;                                   par son
nombre de bits, au nombre de signaux (c) produire une premiere sequence
binaire   65   numeriques sequentiels dans ledit groupe; 10    x
ld) un moyen (16, 18) pour convertir lesdites     moyen (16, 18) pour
convertir ladite sbquence ;t           sequences binaires en sbquences
correspon-           binaire comprend un moyen pour produire des dantes de
signaux numbriques dbrivbs corres-        signaux en se basant sur lesdits
signaux en Jn   * 7i    pondant aux valeurs d'amplitude; prises 3 ladite
modulation delta selon une fonction representa- frbquence d'echantillons,
d'une forme d'onde    5    tive de la conversion de la modulation delta au
x             pouvant Wtre d6rivbe de ladite s6quence binaire     format
num6rique desdits signaux num6riques par d6modulation delta;
genbrbs. -e    8        (e) un moyen (14) pour comparer chacun dudit
6. Appareil selon la revendication 2, oCi ledit groupe de signaux
num6riques gbn6res et cha-        moyen pour comparer comprend un moyen
d'er- i t    cune desdites sequences de signaux num6riques   ?O   reur (14,
30-34) pour comparer lesdits signaux d6riv6s avec ses groupes associbs;
num6riques gen6rbs avec lesdits signaux numeri- -s              (f) un
moyen {30, 32, 34) pour choisir, pour       ques dbriv6s, unit6
d'6chantitlon  par unitb chaque groupe, ladite sbquence de signaux
d'echantillon, et pour produire un signal d'erreur numbriques dbriv6s qui a
la plus faible erreur      correspondant a la somme des valeurs de diffe-
associbe, selon une relation pr6determineo avec    16   rence entre lesdits
signaux dbtermin6s par ladite ledit groupe associ6 de signaux numeriques
comparaison, pond6rb par une fonction pr6dbter- gbnbrbs; et
minbe de pondbration (figure 4). (g) un moyen (24) pour stocker en un ordre
7. Appareil selon la revendication 6, ou ladite s6quentiel au moins tin
signal en modulation        valeur de diff6rence comprend le carr6 de la
delta de chaque schbma des signaux de modula-   20   quantitb de ladite
diff6rence. tion delta associ6s A ladite sbquence binaire         8.
Appareil selon la revendication 7, oCu ladite choisie.
fonction de ponderation comprend l'inverse de Kz        3.. Appareil selon
la revendication 2, oui ledit  ladite valeur de diffbrence. moyen pour
stocker des groupes s6quentiels de         9. Appareil selon la
revendication 2, compre- signaux num6riques sbquentiels comprend un    25
nant de plus un moyen pour contr6ler sbquentiel- *             empilage de
registres (12).                          lement ledit moyen pour stocker
des groupes 4. Appareil selon la revendication 2, ob ledit    sbquentiels,
ledit moyen pour produire une s6rie moyen pour gbnbrer une sbrie de
s6quences           de s6quences binaires, ledit moyen pour conver-
binaires prbd6termin6es comprend:                  tir, ledit moyen pour
comparer et ledit moyen (a) un compteur numbrique (20); et      -   30
pour stocker en un ordre sbquentiel, de manibre (b) un moyen (38E) pour
incrbmenter ledit         que les fonctions desdits elements soient accom-
compteur.                                           plies d'une manibre
itbrative. 5. Appareil selon la revendication 2, ouz ledit 35 40 45 50 55
60 65    


