
1                    0 067 824                       2 Description
for digital signals. This causes the  noise components to be in a frequency
band that can be Background of the invention                          heard
and hence that will affect intelligibility. The This invention relates to a
receiver for con-      relatively low  cutoff frequency will preserve
tinuously-variable-slope delta (CVSD) modulation  5    broadcast
information while eliminating most of with integral filtering, i.e. to the
detection of audio  the idle signal, quantization noise, and beats. signals
from input pulses that have been encoded     When such a filter is
constructed of analog with continuously-variable-slope delta (CVSD)
components, it is difficult and costly to realize. modulation. In
particular, it is an improved CVSD    Such  a filter must be  made  of
discrete modulator that is especially adapted for use in   to   components
that tend to be relatively large. integrated circuits using complementary
metal-       Digital filters, on the other hand, can be realized oxide
semiconductors.                                readily in CMOS or other
integrated-circuit tech- CVSD modulation is a well-known scheme for
nologies, but a digital filter would not be satis- converting analog
signals to digital form. This is a  factory for placement in a location
where the non-linear system in which the direction of the    is   analog
signal or an approximation to it has been slope error is determined and
subjected to a rule.   recovered. If the slope error is in the same
direction for a      A CVSD receiver in accordance with the prior
predetermined number of pulses (the rule), then      art portion of claim
1 has been disclosed in the system is caused to change the slope of the
published United Kingdom  Patent application delta-modulated signal. This
system  holds the    20    GB-A-2014811. A serial type recursive digital
changed slope at the new value until the rule        filter with feedback
is utilised together with indicates that it is time to change the slope. By
separate multiplier and digital to analogue this means it is possible to
have a continuously     converter. adjusted slope that is the minimum
amount             It is an object of the present invention as necessary to
follow  the audio signal. This   25    claimed to provide digital filtering
in the recovery maximizes the closeness with which the delta-        of a
CVSD signal, that can be realized on a chip. modulated signal follows the
audio signal while at the same time minimizing the amount of pulse
Summary of the invention noise in that signal. The foregoing statements are
CVSD modulation is detected by applying the well known and are illustrated
in a number of   30    digital signal containing CVSD information to a
references. Typical such references as a textbook,   digital filter that is
in the receiver loop. The output "Delta Modulation Systems", by R. Steele,
U.S.       of the digital filter is monitored by a rule circuit Paterrt No.
3,857,111 and U.S. Patent 4,151,517      that controls a syllabic filter to
generate a signal entitled "Closed Loop Companding Ratio Control       that
is multiplied by the output of the digital filter. for Continuously
Variable Slope Delta Modu-   35    The multiplied product is a detected and
filtered lation," assigned to the assignee of the present     CVSD signal.
invention. Three different types of noise are characteristic   Brief
description of the drawings of a CVSD system. They are the idle signal,
Figure 1 is a symbolic block diagram of a circuit quantization noise, and
beats. The idle signal is a   40    for the practice of the present
invention. sawtooth or other periodic wave typically at 6 kHz     Figure 2
is a detailed gate realization of a circuit which is half the bit rate. It
is produced by        corresponding to the block diagram of Figure 1.
alternating information bits during intervals when     Figure 3 is a
circuit diagram of a flip-flop of there is no signal. Quantization noise is
an error   Figure 2. signal produced by the difference between the   45
reconstructed signal and the analog signal from      Detailed description
of the invention which it was derived. Beats are products of input
Figure 1 is a symbolic block diagram of circuit frequencies and the idle
frequency. It is common     for the practice of the present invention. In
Figure practice to filter out this component and any other  1 terminal 10
receives a signal that contains CVSD components outside the audio bandwidth
that are   50    modulation. For purposes of description, it will be in a
CVSD receiver by applying the reconstructed     assumed that the CVSD
modulation contains signal to a filter. This is normally done in an
information in the audio band. The data rate of analog filter which is
placed at a point after the   the signal is 12 kilobits per second. The
signal at CVSD demodulator where the signal has already        terminal 10
is coupled to digital filter 12 which is been reconstructed into analog
form. Removal of   55   timed in its action by clock 14. The filtered
analog the unwanted  components from 'the CVSD              output of
digital filter 12 is taken to multiplier 16. process improves the
intelligibility of the recon-   An output from digital filter 12 is taken
to rule structed signal.                                     logic unit 18
which supplies an input to syllabic 



When CVSD modulation is used in a communi-         filter 20. The term
"syllabic" is used to denote the cations receiver, the filter will normally
be a    60   fact that the syllabic filter 20 has a time constant low-pass
filter with cutoff at a frequency  -the     that is of the order of the
lengths of syllables in order of 3 kHz. This is a compromise that
typical words. The output of syllablic filter 20 as maximizes voice signals
while minimizing distor-     determined by an instruction from the rule
logic tion. Communications receivers are restricted in      unit 18 is
multiplied by the output of digital filter bandwidth, which requires a
relatively low bit rate    65    12 in multiplier 16 to recreate an
approximation 2    3                    0 067 824                        4
1) on terminal 22 to the audio signal. That signal
TABLE I must be integrated to match the integrator                 Values
of resistors in digital filter 38 normally present in a CVSD modulator.
This may be done either by an integrator 24 or it may be
Resistance in done as an incidental benefit of a de-emphasis    5
Resistor number            kilohms circuit that is typically a part of an
audio amplifier. The circuit of Figure 1 is referred to as a CVSD
1                    49.65 receiver, but it should be noted that such a
circuit or its equivalent without a filter is also part of a            2
101.36 transmitter that broadcasts signals that have been    10 subjected
to CVSD modulation.                                   3
70.4 Figure 2 is a circuit diagram of a CVSD receiver incorporating
integral filtering, and Figure 3 is an            4                    108
expanded circuit diagram of a flip-flop unit of Figure 2. In Figures 2 and
3, a CVSD signal is   i5             5                     56.72 applied at
terminal 30 and is conducted through a delay unit 32 to a reclocking
flip-flop 34. Clock               6                     95.04 pulses of
alternate polarities (C and [err]) are also coupled to reclocking flip-flop
34 on lines 37 and              7                     55.2 38. Delay unit
32 and reclocking flip-flop 34 are    20 shown because they were used in
the circuit as                  8                     54.96 built to supply
properly shaped pulses at appro- priate times. They are not essential to
the practice          9                     62.16 of the present invention.
A train of pulses from reclocking flip-flop 34 is   25        10
63.76 conducted on line 36 to digital filter 38. Digital filter 38 is a
transversal digital filter that                 11
64.32 comprises a number (in this case, 24) of flip-flops 40 connected in
cascade to form a shift register.              12                     44.96
The connections are either Q to D or [err] to D    30 depending upon the
required algebraic sign. The          In typical digital filters, the
voltage at the Q or [err] output (here denoted "O") of the first flip-flop
40    terminal of each delay element is applied to the is connected to the
corresponding terminal of the      resistive network. This means that in
the conven- last; that of the second, to the next-to-last, and so  tional
digital filter, the voltage applied at the on. It should be noted that
additional resistors are    35   flip-flop end of each of the resistors
[err] through in the flip-flops 40, so this is not a direct electrical
[err]can take on one of two values. However, in the connection. In the
usual implementation of a           flip-flops 40 of Figure 2, terminal 0
is switched digital filter, each of the common points between
alternatively to the voltage at terminal V or to adjacent delay elements is
connected through a         ground through a resistor. This effects the
multi- resistor to an output terminal of the filter. That    40
plication that makes digital filter 38 a multiplying connection is modified
in digital filter 38 and the    filter. This feature will be described
further in an resistors denoted [err] through[err] are in a series-
examination of the structure of the flip-flops 40. parallel combination
that is calculated  to           The filtered and multiplied signal from
digital minimize the percentage variation in resistor          filter 38 is
conducted on line 42 to a buffer 44, then values. This makes it easier to
form resistors RI    45   to an output terminal 46. A signal at the
midpoint through R12 on a chip using CMOS techniques.           of digital
filter 38 is taken on line 48 to a flip-flop Values of these resistors in
the digital filter 38 as  50, which with flip-flops 52 and 54 forms a shift



constructed are listed in Table I.                    register. Outputs
from flip-flops 50, 52 and 54 are 50 55 60 65 3    5
0067824                         6 taken to logic unit 56, which generates a
signal on                 TABLE II line 58 when flip-flops 50, 52 and 54
are simul-         Truth table for circuit of Figure 3 taneously in the
same logical state. This is the rule logic unit 18 of Figure 1. The rule
that is expressed    S   D   C        Q         0 on line 58 is to make a
change if there are three    5 consecutive bits of the same sign. This is
the rule      1   -   -        1      GROUND unit 18 of Figure 1. The
change is effected by transmission gate 60, which is switched to
0   0   0   LATCH  UNCHANGED connect voltage [err] to resistor 62 instead
of connecting a ground to resistor 62. In the absence   10  0   0   1
0      GROUND of current flow through resistor 62, capacitor 64 will hold a
charge that is determined by resistors       0   1   0   LATCH  UNCHANGED
66 and 68 that serve as a voltage divider on voltage [err] Current flow in
either direction            0   1   1        1         V through resistor
62 changes the voltage on   is capacitor 64. That voltage is taken on line
70 to  Notes: The bar (-) indicates a don't care con- buffer 72 vents on
line 74to each terminal V in the      dition; "LATCH" means Q holds its
last flip-flops 40.                                           previous
value; "UNCHANGED" means Figure 3 is a gate realization of a flip-flop 40
of    output terminal 0 holds its last previous Figure 2. The term
"flip-flop" has been used   20        value. because the circuit of Figure
3 includes the 'unctions of conventional flip-flops, but it will   The
circuit of Figure 3 has several differences S4ecome apparent from the
description of the         from the standard transversal digital filter,
which circuit of Figure 3 that the circuit performs      comprises
successive time delays connected additional functions. Referring to Figure
3, an S   25   through resistors to the output. These will be input is
taken as one input to NOR gate 80. This is  discussed below. Well-known
techniques are a set terminal to enable or disable operation of   used to
determine the number of stages of time the circuit. Terminals C and C are
respectively    delay and to calculate the values of the resistors clock
and anticlock inputs. Each is connected to  to provide a desired amount of
filtering. The transmission gates 82 and 84. Common point 86   30
calculational techniques will normally set the of transmission gates 82 and
84 is connected as    minimum desired number of stages to a shift an input
to NOR gate 80, the output of which is   register and establish the clock
frequency. In taken to terminal [err] and through inverter 88 to     some
positions, the design calculations may call terminal Q. The output of
inverter 88 is also      for negative signs in implementing the filter.
This connected as an input to transmission gate 84 so   35   can be
accomplished when the time delays are that the combination of transmission
gates 82 and  flip-flops by connecting the resistor that is in the 84 and
inverter 88 comprise a half flip-flop, or a  position calling for a
negative sign to a E terminal latch, enabled by NOR gate 80. Two of these
rather than a Q terminal. Alternatively, the same circuits in cascade
become a full flip-flop because  result could be achieved for an individual
flip-flop of the combined clock and anticlock inputs. Both   40    by
driving that flip-flop from the Q terminal rather the Q and Q outputs are
connected internally to a  than the Q terminal. Such a change repeats the
second set of transmission gates 90 and 92. A      sign change in
successive flip-flops. Either of common point 94 of transmission gates 90
and 92    these methods of connecting the shift register is a is taken
through a resistor 96 to output terminal  matter of design choice. O. When
transmission gate 90 is caused by a.  45    The typical circuit presents
three disadvantages positive [err] signal and a negative Q signal to
that are overcome by the circuit of Figure 3. First, conduct, the voltage V
is applied through resistor  resistors realized according to well-known
calcu- 96 to output terminal 0. Conversely, when trans-  lational methods
can be expected to produce mission gate 92 is caused by a positive [err]
signal  resistor values that differ in a ratio of 10:1 or 



and a negative [err] signal to conduct, common   50    more. Such
resistance ratios are difficult to point 94 is connected to ground and thus
resistor  achieve in CMOS technology. An improvement in 96 is grounded. The
logical operation of the circuit  such a realization is shown in Figure 3
in which of Figure 3 will become more apparent upon an     resistors have
been placed in series-parallel com- examination of the truth table for that
circuit   binations to bring their maximum  ratio of which is shown in
Table II.                 55   resistances to a factor of approximately
2:1. 60 65 4    7                     0 067 8248 A second improvement in
the circuit of Figure 3        (12) comprises a plurality of latches (82,
84) results from the fact that the current supplied to      connected to
form flip-flops (40). the resistors of the typical digital filter is the
same    3. The circuit of claim 2 wherein the flip-flops current that
operates the logical functions of the       (40) are connected to operate
switches. flip-flops. That current is typically enough to load  5   4. The
circuit of any preceding claim wherein the flip-flops hampering their
operations and that       the digital filter is a transversal digital
filter. of the filter. The circuit of Figure 3 overcomes this (
disadvantage by separating the logical operation         Patentansprfiche
of the flip-flop from current handling. Referring to Figure 3. the
flip-flop comprises transmission     10     1. En CVSD-Empfainger zrum
Erzeugen eines gates 82 and 84. NOR gate 80 and inverter 88.
analogen Ausganges von einem CVSD-Bistrorn, However, neither the Q nor the
0 terminal is used        enthaltend: as an output to the resistors of a
filter. Rather, the     einen  Regellogikkreis  (18), der auf einen Q and 0
terminals are taken to what is essentially       Bitstrom anspricht. urn ei
Signal beim Auftreten a single-polIe double-throw switch that is formed  is
einer  vorbestimmten   Anzahl  aufeinander- by FET gates 90 and 92. This
switch allows the          folgender Bits glelcher Poiaritit zu erzeugen;
voltage V to supply whatever current is delivered          ein Silbenfilter
(20), das mit demn Regellogik- through resistor 96 to the resistors RI
through R12      kreis verbunden ist, um  eine Spannung zu of Figure 2.
erzeugen, die in AbhAngigkeit vom Ausgang des The third feature of the
circuit of Figures 2 and 3    20    Regellogikkreises (18) variiert; that
differs from the conventional digital filter is       ein Digitalfilter
(12) zrum  Filtern des CVSD- the use of a value of voltage V of Figure 3
that         Bitstromes, urn einen gefilterten Ausgang zu varies within a
limit range. In the circuit of Figure    erzeugen, und Einrichtungen (16)
zrum  Multi- 2, that variable voltage is taken as the output of a
plizieren der von dem Silbenfilter (20) erzeugten syllabic filter. By so
switching the output voltage  25    Spannung mit dem  gefilterten Ausgang
des of the syllabic filter, the circuit of Figure 2 acts as a
Digitalfilters (12), dadurch gekennzeichnet, daB combined digital filter
and multiplier. Referring to     das Digitalfilter (12) mit dern Eingang
des Regel- Figure 1, this combines digital filter 12 and
logikkreises (18) verbunden ist und dag die Ein- multiplier 16 to produce
an output at terminal 22       richtung (16) zrum Multiplizieren integral
mit dem that is, when filtered in filter 24, an audio recon-   .30
Digitalfilter (12) ist und den analogen Ausgang struction of a CVSD signal.
The combination of           erzeugt. multiplier and filter is disclosed
and claimed in a        2. Der Schaltkreis nach Ansp ruch 1, bei demn das
*copending application with an internal serial            Digitalfilter
(12) eine Mehrzahl von Verriege- number of CM-80659, assigned to the
assignee of          lungen (82, 84) enthalt, die zur Bildung von the
present invention.                             35    Flipflops (40)
miteinander verbunden sind. Referring again to Figure 2, it should be noted
3. Der Schaltkreis nach Anspruch 2, bei dem die that each flip-flop 40 is
connected both to a clock      Flipflops (40) so miteinander verbunden
sind, daI3 pulse (C) and an anticlock pulse (c). Connections        sie als
Schalter arbeiten. *are alternated so that one flip-flop 40 is triggered
4. Der Schaltkreis nach einem der vorherge- by a clock pulse and the
adjacent one is triggered  40    henden Anspru~che, bei dem das
Digitalfilter emn by a C pulse. This doubles the apparent frequency
Querdigitalfilter ist. of the operation of the filter of Figure 2A.
Revendications Claims 45     1. R~cepteur A modulation delta h pente 1. A
CVSD receiver for producing an analog             variable. en continu
(CVSD) pour produire un 



output from a CVSD bit stream comprising:                signal de sortie
analogique A partir d'un train de a rule logic circuit (18) responsive to a
bit          bits CVSD. comprenant: stream to generate a signal on the
occurrence of a         un circuit logique d'application de rigle (18)
predetermined number of consecutive bits of the    50   agencd pour
r~pondre A un train de bits en same polarity;
engendrant un signal en prisence d'un nombre a syllabic filter (20) coupled
to the rule logic       pr~d6termind de bits consdcutifs de Ia m~ine
circuit to  produce a voltage that varies in             polarit6; response
to the output of the rule logic circuit          un filtre syllabique (20)
reli6 au circuit logique (118);
55   d'application de rigle pour produire une tension a digital filter (12)
for filtering the CVSD bit       qui varie en r~ponse au signal de sortie
du circuit stream to produce a filtered output and means           logique
d'application de r~gle (18); (16) for multiplying the voltage produced by
the          un filtre numdrique (12) pour filtrer le train de syllabic
filter (20) by the filtered output of the       bits CVSD afin de produire
un signal de sortie digital filter (12) characterised in that the digital
60   filtr6 et un moyen (16) pour multiplier la tension filter (12) is
coupled to the input of the rule logic    produite par le filtre syllabique
(20) par le signal circuit (18) and the means (16) for multiplying is
de sortie filtr6 du filtre num~rique (12); integral with the digital filter
(12) and provides the    caractdris6 en ce que le filtre numerique (1 2)
est analog output.                                           reli6 A
1'entr6e du circuit logique d'applicatiorn de 2. The circuit of claim 1
wherein thedigitial filter    65   r~gle (18) et en ce que le moyen de
multiplication 5    7                    070678824
8 A second improvement in the circuit of Figure 3       (12) comprises a
plurality of latches (82, 84) results from the fact that the current
supplied to      connected to form flip-flops (40). the resistors of the
typical digital-filter is the same   3. The circuit of claim 2 wherein the
flip-flops current that operates the logical functions of the      (40) are
connected to operate switches. flip-flops. That current is typically enough
to load  5   4. The circuit of any preceding claim wherein the flip-flops
hampering their operations and that      the digital filter is a
transversal digital filter. of the filter. The circuit of Figure 3
overcomes this a9    disadvantage by separating the logical operation
Patentansprfche of the flip-flop from current handling. Referring to Figure
3, the flip-flop comprises transmission    1o      1. Ein CVSD-Empfanger
zum  Erzeugen eines gates 82 and 84. NOR gate 80 and inverter 88.
analogen Ausganges von einem CVSD-Bistrom, However, neither the Q nor the 3
terminal is used       enthaltend: as an output to the resistors of a
filter. Rather, the    einen  Regellogikkreis (18), der auf einen Q and 0
terminals are taken to what is essentially      Bitstrom anspricht, um ein
Signal beim Auftreten a single-pole double-throw switch that is formed  15
einer  vorbestimmten   Anzahl  aufeinander- by FET gates 90 and 92. This
switch allows the          folgender Bits gleicher Polaritat zu erzeugen;
voltage V to supply whatever current is delivered         ein Silbenfilter
(20), das mit..dem  Regellogik- through resistor 96 to the resistors [err]
through R12     kreis verbunden  ist, um  eine Spannung zu of Figure 2.
erzeugen, die in Abhangigkeit vom Ausgang des The third feature of the
circuit of Figures 2 and 3    20   Regellogikkreises (18) variiert; that
differs from the conventional digital filter is      ein Digitalfilter (12)
zum  Filtern des CVSD- the use of a value of voltage V of Figure 3 that
Bitstromes, um  einen gefilterten Ausgang zu varies within a limit range.
In the circuit of Figure   erzeugen, und Einrichtungen (16) zum  Multi- 2,
that variable voltage is taken as the output of a    plizieren der von dem
Silbenfilter (20) erzeugten syllabic filter. By so switching the output
voltage  25    Spannung  mit dem  gefilterten Ausgang des of the syllabic
filter, the circuit of Figure 2 acts as a  Digitalfilters (12), dadurch
gekennzeichnet, daB combined digital filter and multiplier. Referring to
das Digitalfilter (12) mit dem Eingang des Regel- Figure 1, this combines
digital filter 12 and           logikkreises (18) verbunden ist und daS die
Ein- multiplier 16 to produce an output at terminal 22       richtung (16)
zum Multiplizieren integral mit dem that is, when filtered in filter 24, an
audio recon-    30    Digitalfilter (12) ist und den analogen Ausgang
struction of a CVSD signal. The combination of          erzeugt. multiplier
and filter-is disclosed and claimed in a       2. Der Schaltkreis nach
Anspruch 1, bei dem das copending application with an internal serial
Digitalfilter (12) eine Mehrzahl von Verriege- number of CM-80659, assigned
to the assignee of         lungen (82, 84) enthalt, die zur Bildung von the
present invention.                            35    Flipflops (40)
miteinander verbunden sind. 



Referring again to Figure 2, it should be noted         3. Der Schaltkreis
nach Anspruch 2, bei dem die that each flip-flop 40 is connected both to a
clock     Flipflops (40) so miteinander verbunden sind, da[err] pulse (C)
and an anticlock pulse [err]. Connections       sie als Schalter arbeiten.
are alternated so that one flip-flop 40 is triggered      4. Der
Schaltkreis nach einem  der vorherge- by a clock pulse and the adjacent one
is triggered  40    henden Anspruche, bei dem das Digitalfilter ein by a C
pulse. This doubles the apparent frequency       Querdigitalfilter ist. of
the operation of the filter of Figure 2A. Revendications Claims 45     1.
Recepteur a modulation delta a pente 1. A CVSD receiver for producing an
analog            variable en continu (CVSD) pour produire un output from a
CVSD bit stream comprising:               signal de sortie analogique a
partir d'un train de a rule logic circuit (18) responsive to a bit
bits CVSD, comprenant: stream to generate a signal on the occurrence of a
un circuit logique d'application de regle (18) predetermined number of
consecutive bits of the   50   agence pour repondre a un train de bits en
same polarity;                                          engendrant un
signal en presence d'un nombre a syllabic filter (20) coupled to the rule
logic      pred6termine de bits consecutifs de la meime circuit to produce
a voltage that. varies in            polarite; response to the output of
the rule logic circuit          un filtre syllabique (20) reli6 au circuit
logique (18);                                             s5
d'application de regle pour produire une tension a digital filter (12) for
filtering the CVSD bit      qui varie en reponse au signal de sortie du
circuit stream to produce a filtered output and means           logique
d'application de regle (18); (16) for multiplying the voltage produced by
the          un filtre numerique (12) pour filtrer le train de syllabic
filter (20) by the filtered output of the      bits CVSD afin de produire
un signal de sortie digital filter (12) characterised in that the digital
60   filtre et un moyen (16) pour multiplier Ia tension filter (12) is
coupled to the input of the rule logic   produite par le filtre syllabique
(20) par le signal circuit (18) and the means (16) for multiplying is
de sortie filtre du filtre numerique (12); integral with the digital filter
(12) and provides the    caracterise en ce que le filtre numerique (12) est
analog output.                                          relie a l'entrdeedu
circuit logique d'application de 2. The circuit of claim 1 wherein the
digitial filter    65   regle (18) et en ce que le moyen de multiplication
5    9          0 067 824                        10 (16) fait partie
integrante du filtre numerique (12)    3. R6cepteur selon la revendication
2, carac- et fournit le signal de sortie analogique.            terise en
ce que les bascules (40) sont connect6es 2. Recepteur selon la
revendication 1, carac-        pour faire fonctionner des commutateurs.
t6rise en ce que lefiltre numerique (12) comprend       4. Recepteur selon
l'une quelconque des reven- un ensemble de verrous (82, 84) connectes pour
5    dications 1 A 3, caracterise en ce que le filtre constituer des
bascules (40).                          numerique est un filtre numerique
transversal. to 15 20 25 30 35 40 45 50 55 60 65 6    


