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the memory 2 at the addresses specified by the memory write address
generator circuit 3. The This invention relates to pitch shift apparatus
memory 2 is formed of a RAM (random access and particularly to one in which
analog audio sig-   memory) as a ring memory. As shown in Fig. 5, the nals
are converted into PCM (pulse code modula-   5   address begins at
0-address, increases at the fre- tion) digital data and then pitch shifted.
quency fs until the maximum, and again begins at Recently, the audio signal
processing tech-     0-address. nique has been greatly developed, and the
digital      The first memory read address generator cir- signal processing
technique is used to achieve     cuit 4 is constructed to increase the
address at high performance and high precision.           10  intervals
different from those of the memory write The pitch shift apparatus has been
Improved in  address generator circuit 3. The timing (intervals of its
performance and precision by the use of the    time) for the reading is
made as follows. For exam- digital processing technique as the electronic
musi-  ple, to increase the pitch, the intervals of time are cal
instruments and vocal trainers (KARAOKE) have   made shorter than 1/fs
[sec] (write timing (interval been widely used and developed. The
conventional  15  of time)), and to decrease the pitch, the intervals of
pitch shift apparatus has used the ADM (adaptive   time are made longer
than 1/fs [sec]. Fig. 4 shows delta modulation) system as an A/D
(analog/digital)  the change of the audio signal waveform for the approach
for converting analog signals into digital  decrease of the pitch. From
Fig.4 it will be under- signals in order to reduce the circuit scale and
the  stood that the read timing T2 is longer than the cost, and made the
pitch process and D/A (digi-  20   write timing T1 (1/fs), or that the
pitch-shifted tal/analog) conversion on the ADM (Adaptive Delta    waveform
(Fig. 4b) has a frequency lower than that Modulation) digital data to
thereby produce analog  of the original waveform (Fig. 4a), or that the
pitch audio signals (see the institute of Electronics and  is reduced.
Communication Engineers of Japan, EA85-40, is-         The second memory
read address generator sued 1985, 9.26).                              25
circuit is constructed to generate the address which In this conventional
ADM system  pitch shift    is spaced by an amount corresponding to 1/2 the
apparatus, however, satisfactory performance could  ring memory from the
address which the first read not be achieved. In recent years, the ADM
system    address generator circuit 4 generates. The PCM has almost been
replaced by the PCM (pulse code     digital data read from the address
specified by the modulation) as the A/D conversion approach, be-  30  first
memory address generator circuit 4 is sup- cause the S/N, distortion, and
lineality in the A/D  plied to the D/A converter 9, and the PCM digital
conversion of the PCM system has been greatly       data read from the
address specified by the sec- improved with the development of the digital
tech-  ond memory address generator circuit 5 is fed to nology.
the D/A converter 18. The outputs from the D/A One example of the
conventional PCM system   36  converters 9, 18 are respectively supplied
through pitch shift apparatus will hereinafter be described.  the weighting
attenuators 19, 20 to the adder 21, Fig. 3 is a block diagram of a
conventional     which produces the final pitch-shifted output (ana- pitch
shift apparatus, and Fig. 4 is an explanatory  log audio signal). diagram
for the explanation of the basic principle of  In this pitch shift
apparatus, however, the am- the pitch shift operation, Fig. 5 is a
schematic  40  plitude of the pitch-converted output is not constant
diagram useful for explaining the addresses of a    (see Fig. 6e), or an
amplitude-modulated analog memory in and from which writing and reading are
audio signal is obtained, so that a sine wave input made, and Fig. 6 is a
waveform diagram showing      with a constant amplitude results in
offensive the operation of each portion of the pitch shift    sound. In
other words, since the timing T1 of the apparatus of Fig. 3.
45   address from the memory write address generator Referring to Fig. 3,
there are shown an A/D     circuit 3 is different from that T2 of the
address converter 1, a memory 2, a memory write address    from the first
and second memory read address generator circuit (WR1 ADD) 3, a first
memory read  generator circuit 4, 5, the two addresses pass each address
generator circuit (RD1 ADD) 4, a second     other, or are delayed in cycles
from each other memory read address generator circuit (RD2 ADD)   so   with
a constant period as time elapses. At this time, 5, D/A converters 9, 18,
attenuators 19, 20, and an  the PCM digital data read from the address
speci- adder 21. The operation of the pitch shift apparatus  fied by the
first read address generator circuit 4 will be mentioned with reference to
the drawings.   has discontinuous points (where the passing or As
illustrated in Fig. 3, an analog audio signal  cyclic delay occurs) at, for
example, ta, tb, tc, ... as is supplied via an input terminal to the A/D
con-  55  shown in Fig. 6a depending on the phase of the verter 1, where it
is sampled at a sampling fre-    audio signal, and similarly the PCM
digital data quency fs and converted into a PCM digital signal.  read from
the address specified by the second This PCM digital signal is sequentially
written in  read address generator circuit 5 which differs in 2    
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the ring memory has discontinu-    Fig. 4 is a schematic diagram useful for
ex- ous points at intermediate points between the dis-  plaining the basic
principle of the operation of the continuous points shown in Fig. 6a, or at
ta' be-  pitch shift apparatus. tween ta and tb, tb' between tb and tc, ...
as shown  Fig. 5 is a schematic diagram useful for ex- in Fig. 6b. In Fig.
6, for convenience of explanation,   5   plaining the write address and
read address to the the digital data is shown in an analog manner. The
memory. PCM digital data at these discontinuous points be-    Fig. 6 is a
waveform diagram useful for ex- come impulse noise. Thus, to reduce this
noise,   plaining the operation of each portion of the con- the prior art
used the cross-fade method. In this  ventional pitch shift apparatus shown
in Fig. 3. method, if the waveforms shown in Figs. 6a and 6b   10 are
expressed by F1(t) and F2(t), respectively, and  DESCRIPTION OF THE
PREFERRED DMBODI- the weighting coefficients of the attenuators 19 and
MENT 20 by a1(t) and a2(t), respectively, these waveform are usually
weighted by the functions a1(t), a2(t)    One embodiment of this invention
will be de- which have the relation, a1(t) + a2(t) = 1 as  15  scribed with
reference to the accompanying draw- shown in Figs. 6c and 6d so that the
impulse noise  ings. can be eliminated at the discontinuous points, and
Referring to Fig. 1, there are shown the A/D that a1(t).F1(t) + a2(t)F2(t)
can be obtained as   converter, for converting an analog signal to a PCM
the final output waveform (Fig. 6e). In this method,  digital signal (of 16
bits in this embodiment), the however, although the impulse noise at the
dis-  20  memory 2 formed of RAM acting as a ring mem- continuous points
can be eliminated, the pitch con-  ory, the memory write address generator
circuit 3, verted output waveform (the final output waveform)  the first
memory read address generator circuit 4, has an AM modulated component as
shown in Fig.    the second memory read address generator circuit 6e.
5, a first latch circuit 6 for latching data read by 25  said first memory
read address generator circuit 4, SUMMARY OF THE INVENTION
a second latch circuit 7 for latching data read by the second memory read
address generator circuit Accordingly, it is an object of the invention to
5, a first selector circuit 8 for selecting one of the make it possible to
smoothly connect the read     data from the latch circuits 6 and 7, and the
D/A addresses without occurrence of the AM modulated   30  converter 9 for
converting the digital data from the component at the discontinuous points
due to the  first selector circuit 8 into an analog signal. There passing
or cyclic delay between the addresses in  is also shown a second selector
circuit 10 for the cross-fade method, by detecting the in-phase  selecting
such read address from the first or sec- zero-cross position of audio data
on the now-begin-  ond memory read address generator circuit 4, 5, ning
side of the two read address generator circuits  35  that analog data
corresponding to the digital data different in read timing by 1/2 the ring
memory   read from that address of the memory 2 is now from each other,
detecting the in-phase zero-cross  being finally produced through the first
selector 8 position of audio data on the other now-finally gen-  and D/A
converter 9. In addition, shown at 11 is an erating read address generator
circuit side, and  address difference detection circuit which detects
controlling the read address from the switching-to-  40  the difference
between the address from the mem- memory read address generator circuit at
the con-  ory write address generator circuit 3 and the ad- nection point
so that the read addresses from the  dress from the first or second memory
read ad- address generator circuits can be connected at the  dress
generator circuit 4, 5 selected by the selector in-phase zero-cross
position, before the occurrence  circuit 10 and produces a pulse when the
address of the discontinuous points. According to the   45  difference is a
predetermined value. Shown at 12 is present invention, a pitch shift
apparatus is as  a first flip flop F/F circuit for data inversion which is
claimed in Claim 1 and a pitch shift method as    controlled by the output
from the address differ- claimed in Claim 4
ence detection circuit 11, and 13 is a third selector circuit for selecting
the MSB (most significant bit), BRIEF DESCRIPTION OF THE DRAWINGS
50    YD15 ((b) in Fig. 2) or ZD15 ((d) in Fig. 2) of the data which was
read by the memory read address Fig. 1 is a block diagram of one embodiment
of  generator circuit 4 or 5 that is now going to be a pitch shift
apparatus of this invention.        switched to, and stored in the latch
circuit 6 or 7. Fig. 2 is a waveform diagram useful for ex-    Shown at 14
is a second F/F circuit which has a plaining the operation of each portion
of the em-  55  data input to which the output from the first F/F bodiment
of Fig. 1.                               circuit 12 is supplied and a clock
input to which the Fig. 3 is a block diagram of a conventional    output
from the third selector circuit 13 is supplied, pitch shift apparatus.
and 15 is a third F/F circuit which has a data input 3    
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from the second F/F circuit 14   F/F circuit 14 (Fig. 2 at (f)) becomes
high level H, and a clock input to which the output from the third  the
output of the third F/F circuit 15 (Fig. 2 at (g)) selector circuit 13 is
supplied. Shown at 16 is a    becomes high level at the first leading edge
of the first NAND circuit for producing the logical product  pulse (Fig. 2
at (b)), and the first selector 8 pro- of the inverted output [err] of the
second F/F circuit   5   duces the output data (Fig. 2 at (c)) of the
second 14 and the output Q of the third F/F circuit 15, and  latch circuit
7 in place of the output of the first latch 17 is a second NAND circuit for
producing the        circuit (Fig. 2 at (a)). At this time, switching is
made logical product of the output Q of the second F/F   from the first
read address generator circuit 4 to circuit 14 and the inverted output
[err]of the third F/F  the second read address generator circuit 5. The
circuit 15. The outputs from the first and second  10   Q-output of the
second F/F circuit 14 (Fig. 2 at (f) NAND circuits 16, 17 are provided as a
stop signal   and the Q-output of the third F/F circuit 15, or the to the
first and second memory read address gen-    inversion of the output shown
in Fig. 2 at (g) are erator circuits 4, 5 respectively.
supplied to the NAND circuit 17, which then pro- Fig. 2 is a waveform
diagram useful for ex-      duces a STOP 2 signal. plaining the operation
of each portion of the pitch   15  In other words, in the time difference
(differ- shift apparatus shown in Fig. 1. The analog          ence between
the leading edges of pulses) be- waveforms shown in Fig. 2 at (a) and (c)
for conve-  tween the output of the second F/F circuit 14 (Fig. nience of
explanation are actually digital data.     2 at (f)) and the output of the
third F/F circuit 15 The operation of the pitch shift apparatus of    (Fig.
2 at (g)), or in the interval from time t2 when this embodiment will be
described with reference   20  the digital audio signal to be read by the
second to Figs. 1 and 2.                                    read address
generator circuit 5 which Is going to As mentioned above, if the digital
data read by  make read operation makes zero crossing to time the first and
second memory read address gener-      t1 when the digital audio signal
which is now being ator circuits 4, 5 and then read from the first and
read by the first read address generator circuit 4 second latch circuits 6,
7 are converted into analog   28   which is making read operation makes
in-phase signals, the waveforms of the analog signals are as  zero
crossing, the second read address generator shown in Fig. 2 at (a), (c),
respectively. At this time,  circuit 5 is stopped from increasing the
address. the MSB data of the digital data which are tenta-    Then, from
the time when switching is made from tively shown in the analog waveforms
in Fig. 2 at    the first read address generator circuit 4 to the (a), (c)
are offset binary codes, and thus pulses   30  second read address
generator circuit 5, the sec- having H level in negative halves and L level
in     ond read address generator circuit 5 again starts to positive halves
as indicated at (b), (d) in Fig. 2.  increase the address. Thus, at time
point t1, the First, since the Q-output of the first F/F circuit  digital
audio signals can be connected in phase 12 cleared by resetting is level L,
and the selected  upon switching from the first address generator signal
from the third selector 13 is the first signal  35  circuit 4 to the second
address generator circuit 5. pulse, though the leading edge is indefinite,
the Q-    When the second address generator circuit 5 output of the second
F/F circuit 14 becomes level    repeats pitch shift operation to enter in
the region L. The third selector 13 selects the MSB, ZD1 5      (for
example, the difference between the read ad- (Fig. 2 at (d)) of the output
data ZD15 Q of the    dress and the write address is 1/4 the ring mem-
second latch circuit 7.                         40  ory) in which a cyclic
delay to the write address When the pitch shift operation is repeated to
generator circuit 3 is easy to occur, the clock pulse enter in the region
(for example, when the dif-     from the address difference circuit 11 is
supplied to ference between the read address and write ad-      the first
F/F circuit 12, so that the 0-output of the dress becomes 1/4 the ring
memory) in which the      first F/F circuit 12 (Fig. 2 at (e)) is inverted
to be cyclic delay is easy to occur, the address detection   45  low level
L. At this time, the MSB of the output of circuit 11 supplies a clock pulse
to the first F/F  the first latch circuit 6 (Fig. 2 at (b)) is supplied
circuit 12, causing its output (e) high level H. At  through the third
selector circuit 13. When the Q- this time, the output of the second F/F
circuit 14,  output of the first F/F circuit 12 is low level L, the as
shown in Fig. 2 at (f) is low level L, and the    output of the second F/F
circuit 14 (Fig. 2 at (f)) MSB (Fig. 2 at (d)) of the output of the second
50   becomes low level L at the first leading edge of the latch circuit 7
is passed through the third selector  pulse (Fig. 2 at (b)), and the MSB of
the output of circuit 13. After the output of the first F/F circuit 12  the
second latch circuit 7 (Fig. 2 at (d)) is pro- (Fig. 2, at (e)) becomes
high level H, the output of  duced. Moreover, when the output of the second
the second F/F circuit 14 (Fig. 2 at (f)) high level H  F/F circuit 14
(Fig. 2 at (f)) becomes low level L, becomes at the first leading edge of
the pulse (Fig.  55  the Q-output of the third F/F circuit 15 (Fig. 2 at 2
at (d)). Then, the MSB, YD15 (Fig. 2 at (b)) of the  (g)) becomes low level
L at the first leading edge of output data YD15 Q of the first latch
circuit 6 is  the pulse (Fig. 2 at (d)). The first selector circuit 8
produced. Moreover, after the output of the second   produces output data
of the first latch circuit 6 (Fig. 4    
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addition to the output of the second        audio signal to PCM digital
data; latch circuit 7 (Fig. 2 at (c)). Then, the Q-output of   a memory (2)
for storing said digital data from the third F/F circuit 15 (Fig. 2 at (g))
and the [err]     said A/D converter (1); output of the second F/F circuit
14, or the inversion    a write address generator circuit (3) for setting
of the output shown in Fig. 2 at (f) are supplied to    5  a write address
to said memory (2); the first NAND circuit 16 which then produces a
a first memory read address generator circuit STOP 1 signal. Thus, the
first read address gener-       (4) for permitting said digital data
written in ator circuit 4 is stopped from increasing the ad-        said
memory (2) to be read at a predetermined dress during the delay time
between the output of        pitch; the second F/F circuit 14 (Fig. 2 at
(f)) and the   10   a second memory read address generator cir- output of
the third F/F circuit 15 (Fig. 2 at (g) (the  cuit (5) which is provided in
parallel with said difference between the trailing edges of the
first memory read address generator (4) and pulses). In other words, during
the interval from        starts its reading operation by generating an time
point t3 when the digital audio signal to be        address that differs
from the address which read by the first read address generator circuit 4
15  said first memory read address generator cir- which is going to make
read operation makes zero         cuit (4) generates; crossing to time
point t4 when the digital audio          characterized by: signal which is
now being read (by the second read       a first latch circuit (6) for
latching data read address generator circuit 5) makes in-phase zero
from said memory (2) by said first read ad- crossing, the first read
address generator circuit 4   20  dress generator circuit (4); is stopped
from increasing the address. Then, at         a second latch circuit (7)
for latching data read the time when switching is made from the second
from said memory (2) by said second read read address generator circuit 5
to the first read       address generator (5); address generator circuit 4,
the first read address      a first selector circuit (8) for selecting one
of generator circuit 4 is again started to increase the   25  output data
from said first latch circuit (6) and address, thereby enabling the digital
audio signals      output data from said second latch circuit (7); to be
connected at time point t4 in phase upon           a D/A converter (9) for
converting digital data switching from the second read address generator
from said first selector circuit (8) into an analog circuit 5 to the first
read address generator circuit    signal; 4.
30       a second selector circuit (10) for selecting the While, in this
embodiment, connection is made,       read address which is generated from
said first or switching is made, at the zero-cross point where      or
second read address generator circuit (4, 5) the data is changed from
positive to negative           and used for reading the digital data
selected phase, the switching may of course be made at the        by and
outputted from said first selector (8); zero-cross point where data is
changed from nega-   35   an address difference detecting circuit (11) for
tive to positive phase.                                  detecting the
difference between the read ad- Thus, according to this invention, the two
read      dress from said second selector circuit (10) address generator
circuits are controlled at the         and a write address from said write
address connection in order that the read addresses can be       generator
circuit (3) and producing a pulse connected at the in-phase zero-cross
point of the   40  when said difference becomes a predeter- audio data,
thereby avoiding at the connection the       mined value; generation of the
AM modulated components which          a first flip- flop circuit (12) of
which the output appear in the cross fade method due to the pass-        is
inverted by said pulse from said address ing between the addresses or
cyclic delay that is        difference detecting circuit (11); caused by
the difference between the interval of  45     a third selector circuit
(13) for selecting the time in which the audio data is written in the
most significant bit of the output digital data memory and the interval of
time in which it is read     from said first or second latch circuit (6, 7)
therefrom. This follows that smooth connection of        which is
associated with the data to be audio data can be made by only the addition
of a         switched to; simple control circuit for the read address
genera-   50  a second flip-flop circuit (14) having a clock tion circuits
without any complicated cross fade        input to which the output of said
third selector circuit, and with the use of only one D/A converter,
circuit (13) is supplied, and a data input to resulting in great reduction
of cost.                    which the output of said first flip-flop
circuit (12) is supplied; Claims
55       a third flip-flop circuit (15) having a data input to which the
output of said second flip- 1. Pitch shift apparatus comprising:
flop circuit (14) is supplied, and a clock input an A/D converter (1) for
converting an analog       to which the output of said third selector
circuit    7                  EP 0 390 037 B1                     8 



2 at (a)) in addition to the output of the second        audio signal to
PCM digital data; latch circuit 7 (Fig. 2 at (c)). Then, the Q-output of
a memory (2) for storing said digital data from the third F/F circuit 15
(Fig. 2 at (g)) and the [err]      said A/D converter (1); output of the
second F/F circuit 14, or the inversion    a write address generator
circuit (3) for setting of the output shown in Fig. 2 at (f) are supplied
to    5  a write address to said memory (2); the first NAND circuit 16
which then produces a          a first memory read address generator
circuit STOP 1 signal. Thus, the first read address gener-      (4) for
permitting said digital data written in ator circuit 4 is stopped from
increasing the ad-        said memory (2) to be read at a predetermined
dress during the delay time between the output of        pitch; the second
F/F circuit 14 (Fig. 2 at (f)) and the   10   a second memory read address
generator cir- output of the third F/F circuit 15 (Fig. 2 at (g)) (the
cuit (5) which is provided in parallel with said difference between the
trailing edges of the            first memory read address generator (4)
and pulses). In other words, during the interval from        starts its
reading operation by generating an time point t3 when the digital audio
signal to be        address that differs from the address which read by the
first read address generator circuit 4   15  said first memory read address
generator cir- which is going to make read operation makes zero
cuit (4) generates; crossing to time point t4 when the digital audio
characterized by: signal which is now being read (by the second read
a first latch circuit (6) for latching data read address generator circuit
5) makes in-phase zero         from said memory (2) by said first read ad-
crossing, the first read address generator circuit 4   20  dress generator
circuit (4); is stopped from increasing the address. Then, at         a
second latch circuit (7) for latching data read the time when switching is
made from the second          from said memory (2) by said second read read
address generator circuit 5 to the first read       address generator (5);
address generator circuit 4, the first read address      a first selector
circuit (8) for selecting one of generator circuit 4 is again started to
increase the   25  output data from said first latch circuit (6) and
address, thereby enabling the digital audio signals      output data from
said second latch circuit (7); to be connected at time point t4 in phase
upon           a D/A converter (9) for converting digital data switching
from the second read address generator         from said first selector
circuit (8) into an analog circuit 5 to the first read address generator
circuit    signal; 4.                                              30
a second selector circuit (10) for selecting the While, in this embodiment,
connection is made,       read address which is generated from said first
or switching is made, at the zero-cross point where      or second read
address generator circuit (4, 5) the data is changed from  positive to
negative           and used for reading the digital data selected phase,
the switching may of course be made at the        by and outputted from
said first selector (8); zero-cross point where data is changed from nega-
35   an address difference detecting circuit (11) for tive to positive
phase.                                  detecting the difference between
the read ad- Thus, according to this invention, the two read      dress
from said second selector circuit (10) address generator circuits are
controlled at the         and a write address from said write address
connection in order that the read addresses can be       generator circuit
(3) and producing a pulse connected at the in-phase zero-cross point of the
40   when said difference becomes a predeter- audio data, thereby avoiding
at the connection the       mined value; generation of the AM modulated
components which          a first flip-flop circuit (12) of which the
output appear in the cross fade method due to the pass-        is inverted
by said pulse from said address ing between the addresses or cyclic delay
that is        difference detecting circuit (11); caused by the difference
between the interval of  45     a third selector circuit (13) for selecting
the time in which the audio data is written in the           most
significant bit of the output digital data memory and the interval of time
in which it is read     from said first or second latch circuit (6, 7)
therefrom. This follows that smooth connection of        which is
associated with the data to be audio data can be made by only the addition
of a         switched to; simple control circuit for the read address
genera-   50  a second flip-flop circuit (14) having a clock tion circuits
without any complicated cross fade         input to which the output of
said third selector circuit, and with the use of only one D/A converter,
circuit (13) is supplied, and a data input to resulting in great reduction
of cost.                    which the output of said first flip-flop
circuit (12) is supplied; Claims
55       a third flip-flop circuit (15) having a data input to which the
output of said second flip- 1. Pitch shift apparatus comprising:
flop circuit (14) is supplied, and a clock input an A/D converter (1) for
converting an analog       to which the output of said third selector
circuit 5           [err]    [err] 



9             EP 0 390 037 B1 (13) is supplied, the output of said third
read addresses is performed by stopping said flip- flop being provided as a
control input        second read address generator circuit (5) from of said
first (8) and second (10) selector          increasing the read address
during the interval circuits;
from time t2 at which the digital data read by a first NAND circuit (16)
for producing the   5     said second read address generator circuit (5)
logical product of the inverted output of said      makes zero crossing to
time t1 at which the second flip- flop circuit (14) and the output of
digital data read by said first read address said third flip-flop circuit
(15), the output of    generator circuit (4) makes in-phase zero said first
NAND circuit (16) being provided         crossing and switching from said
first read as a stop signal to said first memory read   10     address
generator circuit (4) to said second address generator circuit (4); and
read address generator circuit (5), in which a second NAND circuit (17) for
producing the        case at said time t1, switching is made from logical
product of the inverted output of said      said first read address
generator circuit (4) to third flip-flop circuit (15) and the output of
said second read address generator circuit (5), said second flip-flop
circuit (14), the output  15  and stopping said first read address
generator of said second NAND circuit (17) being              circuit (4)
from increasing the read address provided as a stop signal to said second
during the interval from  a time point t3 at memory address generator
circuit (5).               which the digital data read by said first read
address generator circuit (4) makes zero cross- 2. Pitch shift apparatus
according to Claim 2,  20      ing to a time point t4 at which the digital
data wherein said memory (2) is constructed to          read from said
second read address generator make a ring memory operation, and the read
circuit (5) makes in-phase zero crossing, and address which said first read
address gener-        switching from said second read address gen- ator
circuit (4) generates and the read address     erator circuit (5) to said
first read address which said second read address generator cir-  25
generator circuit (4), in which case at said time cuit (5) generates are
shifted from each other      point t4 switching is made from said second by
an amount corresponding to 1/2 the ring          read address generator
circuit (5) to said first memory.
read address generator circuit (4). 3   Pitch shift apparatus according to
Claim 2,  30   PatentansprUche wherein said memory (2) is constructed to
make a ring memory operation, and said ad-       1.
Tonhohenverschiebungsvorrichtung mit: dress difference detecting circuit
(11) produces    einem A/D-Wandler (1) zum Umwandeln eines the pulse when
the difference between the           analogen Audiosignals in digitale
PCM-Daten; write address and the read address becomes  35      einem
Speicher (2) zum Speichem der von an amount corresponding to 1/4 the ring
mem-        dem A/D-Wandler (1) ausgegebenen Digitalda- ory.
ten; einer Schreibadressenerzeugungsschaltung (3) 4. A pitch shifting
method comprising the steps         zum  Setzen einer Schreibadresse fur
den of:                                         40      Speicher (2);
converting an analog audio signal to PCM digi-      einer ersten
Speicherleseadressenerzeugungs- tal data;
schaltung (4) zum Ermoglichen, daB in den storing said digital data in a
memory (2);          Speicher (2) geschriebene digitale Daten mit setting a
write address to said memory by a         einer vorab festgelegten Tonh6he
gelesen wer- write address generator circuit (3);        45      den;
permitting said digital data written in said        einer  zweiten
Speicherleseadressenerzeu- memory (2) to be read at a predetermined
gungsschaitung (5), die parallel zum  ersten pitch by a first memory read
address gener-         Speicherleseadressenerzeuger (4) vorgesehen ator
circuit (4);                                   ist und ihren Lesebetrieb
aufnimmt durch Er- generating an address that differs from the   50
zeugen elner Adresse, die sich von der Adres- address which said first
memory read address        se unterscheidet, welche die erste Speicherle-
generator circuit (4) generates by a second
seadressenerzeugungsschaltung (4) erzeugt; memory read address generator
circuit (5); and      gekennzeichnet durch: connecting the read addresses
generated by          elne erste Halteschaltung (6) zum Halten von the
first and second read address generator   55     mit Hilfe der ersten
Leseadressenerzeugungs- circuits (4,5), respectively converting the digital
schaltung (4) aus dem Speicher (2) gelesenen data read from said memory (2)
into an analog       Daten; signal; characterized in that connecting of the
elne zweite Halteschaltung (7) zum Halten von    11             EP 0 390
037 B1                    12 mit Hilfe des zweiten Leseadressenerzeugers
(5) vorgesehen ist.                     MS   * 



(5) aus dem Speicher (2) gelesenen Daten; eine erste Wihischaltung (8) zum
Wihlen zwi-    2. Tonhbhenverschiebungsvorrichtung nach An- schen
Ausgabedaten aus der ersten Halte-            spruch 1, bei der der
Speicher (2) zum Aus- schaltung (6) und Ausgabedaten aus der zwei-   5
fthren elnes Ringspeicherbetriebs aufgebaut ten Halteschaltung (7);
ist und die Leseadresse, welche die erste Le- elnen D/A-Wandler (9) zum
Umwandeln digita-         seadressenerzeugungsschaltung  (4) erzeugt, ler
Daten aus der ersten WAhIschaltung (8) in       und die Leseadresse, welche
die zweite Lese- ein analoges Signal;
adressenerzeugungsschaltung (5) erzeugt ge- eine zweite WihIschaltung (10)
zum Wihlen   10      geneinander verschoben sind umn ei 1/2 des der
Leseadresse, die von der ersten oder der        Ringspeichers
entsprechendes MaB. zweiten Leseadressenerzeugungsschaltung (4, 5) erzeugt
und zum Lesen der digitalen Daten    3. Tonh6henverschiebungsvorrichtung
nach An- benutzt wird, die von der ersten Wihischaltung     spruch 2, bel
der der Speicher (2) zum Aus- (8) ausgewghlt und ausgegeben werden;      15
f0hren eines Ringspeicherbetriebs aufgebaut elne
Adressendifferenzerfassungsschaltung       Ist und die
Adressendifferenzerfassungsschal- (11) zum Erfassen der Dlfferenz zwischen
der        tung (11) den Impuls erzeugt, wenn die Diffe- von der zweiten
WihIschaltung (10) gewihIten       renz zwischen der Schreibadresse und der
Le- Leseadresse und einer Schreibadresse von der        seadresse ein 114
des Ringspeichers entspre- Schreibadressenerzeugungsschaltung (3) und   20
chendes MaB annimmt. zum Erzeugen elnes Impulses, wenn die Diffe- renz
einen vorab festgelegten Wert annimmt;     4.
Tonhohenverschiebungsverfahren   mit  den eine erste Flip-Flop-Schaltung
(12), deren Aus-     Schritten: gabe durch den Impuls von der
Adressendiffe-        Umwandeln eines analogen Audiosignals in di-
renzerfassungsschaltung (11) invertiert wird;  25   gitale PCM-Daten; eine
dritte WihIschaltung (13) zum WMhlen           Speichern der digitalen
Daten in elnem Spei- des h6chststehenden Bits der digitalen Ausga-
cher (2); bedaten aus der ersten oder der zweiten Halte-      Setzen einer
Schreibadresse fOr den Speicher schaltung (6, 7), das zu den Daten geh6rt,
auf      mit Hilfe einer Schreibadressenerzeugungs- die zu schalten ist;
30       schaltung (3); eine zweite Flip-Flop-Schaltung (14) mit einem
Ermdglichen des Lesens der in den Speicher Takteingang, an den der Ausgang
der dritten        (2) geschriebenen digitalen Daten mit einer
WAhIschaltung (13) angelegt wird, und einem         vorab festgelegten
TonhLhe mit Hilfe einer er- Dateneingang, an den der Ausgang der ersten
sten   Speicherleseadressenerzeugungsschal- Flip-Flop-Schaltung (12)
argelegt wird;    35       tung (4): eine dritte Flip-Flop-Schaltung (15)
mit einem      Erzeugen einer Adresse, die sich von der von Dateneingang,
an den der Ausgang der zwei-          der ersten
Speicherleseadressenerzeugungs- ten Flip-Flop-Schaltung (14) angelegt ist,
und     schaltung (4) erzeugten Adresse unterscheidet, elnem Takteingang,
an den der Ausgang der           mit Hilfe einer zweiten
Speicherleseadressen- dritten Wihischaltung (13) angelegt let, wobel  40
erzeugungsschaltung (5); und der Ausgang des dritten Flip-Flops als Steuer-
Verbinden der von der ersten beziehungsweise eingang der ersten
WAhlschaltung (8) und der        von  der zweiten  Leseadressenerzeugungs-
zweiten WAhischaltung (10) vorgesehen ist;          schaltung (4, 5)
erzeugten Leseadressen, Urn- eine erste NAND-Schaltung (16) zum Erzeugen
wandeln der aus dem Speicher (2) gelesenen des logischen Produkts der
invertierten Ausga-  45  digitalen Daten In ein analoges Signal; dadurch be
der zweiten Flip-Flop-Schaltung (14) und         gekennzeichnet, daB das
Verbinden der Lese- der Ausgabe der dritten Flip-Flop-Schaltung
adressen ausgefthrt wird durch Stoppen des (15), wobel die Ausgabe der
ersten NAND-            Erh6hens der Leseadresse durch die zweite Schaltung
(16) als Stoppsignal fUr die erste        Leseadressenerzeugungsschaltung
(5) wSh- Speicherleseadressenerzeugungsschaltung (4)  so     rend des
Intervalls von einer Zeit t2, zu der die vorgesehen ist; und
von der zweiten  Leseadressenerzeugungs- elne zweite NAND-Schaltung (17)
zum Erzeu-          schaltung (5) gelesenen digitalen Daten einen gen des
logischen Produkts der invertierten         Nulldurchgang aufweisen, bis zu
einer Zeit tl, Ausgabe der dritten Flip-Flop-Schaltung (15)        zu der
die von der ersten Leseadressenerzeu- und der Ausgabe der zweiten
Flip-Flop-Schal-  55    gungsschaltung (4) gelesenen digitalen Daten tung
(14), wobei die Ausgabe der zweiten            einen phasenrichtigen
Nulldurchgang aufwei- NAND-Schaltung (17) als Stoppsignal flr die
sen, und Schalten von der ersten Leseadres- zweite
Speicheradressenerzeugungsschaltung          senerzeugungsschaltung (4) auf
die zweite Le- 7    0   : 13          EP 0 390 037 B1
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diesem Fall zur Zeit tI von der ersten Lese-        sortie dudit second
circuit a verrouillage (7); adressenschaltung (4) auf die zweite Lese-
un convertisseur N/A (9) pour convertir les adressenschaltung (5)
geschaltet wird, und          donn6es num6riques provenant dudit premier
Stoppen des Erh6hens der Leseadresse durch   5      circuit s~lecteur (8)
en un signal analoglque;: die ersto  Leseadressenerzeugungsschaltung
un deuxieme circuit selecteur (10) pour (4) w~hrend des Intervalls von
einem Zeitpunkt      s4lectionner l'adresse de lecture qui est g6nd- t3, zu
dem die von der ersten Leseadressener-       r6e par ledit premier ou ledit
second circuit (4, zeugungsschaltung  (4) gelesenen, digitalen         5)
g6nerateur d'adresses de lecture et qui est Daten einen Nulldurchgang
aufweisen, bis zu   io   utilis~e pour lire les donn6es num6riques se-
einem Zeltpunkt t4, zu dem die von der zwel-       lectonnees et foumies
par ledit premier seJoc- ten Leseadressenerzeugungsschaltung (5) go-
teur (8); lesenen digitalen Daten eonen phasenrichtigen          un circuit
(11) d6tecteur de difference Nulldurchgang aufweisen, und Schalten von
d'adresse pour d6tecter la difference entre der zweiten
Leseadressonerzeugungsschaftung   1s   I'adresse de lecture issue dudit
deuxibme cir- (5) auf die erste Leseadressenerzougungs-           cult
sdlecteur (10) et une adresse d'dcriture schaltung (4), wobei in diesem
Fall zum Zeit-      issue dudit circuit (3) gendrateur d'adresses punkt t4
von der zweiten Leseadressenerzeu-         d'ecriture et produire une
impulsion lorsque gungsschaltung (5) auf die erste Leseadres-        ladite
diffdrence prend une valeur predetermi- senerzeugungsschaltung (4)
geschaltet wird.  20     nee; une premibre bascule bistable (12) dont le
Revendlcatlons                                         signal de sortie est
inverse par ladite impulsion provenant dudit circuit (11) d~tecteur de
diffe- 1. Dispositif variateur de la hauteur de son, corn-    rence
d'adresse; prenant:                                   25          un
troisime circuit selecteur (13) pour s6- un convertisseur A/N (1) pour
convertir un      lectionner le bit le plus significatif des donndes signal
audio analogique en donndes numdri-          numeriques de sortie dudit
premier ou dudit ques MIC;                                           second
circuit A verrouillage (6, 7) qui est une m6moire (2) pour memoriser
lesdites         associe aux donn6es a commuter; donnees numeriques en
provenance dudit  3o             une deuxieme bascule bistable (14), corn-
convertisseur A/N (1);                              portant une entrie
d'horloge A laquelle est: un circuit (3) gen~rateur d'adresses d'ecri-
applique le signal de sortie dudit troisieme ture pour mettre une adresse
d'ecriture dans        circuit s~lecteur (13) et une entree do donn6es
ladite m6moire (2);                                & laquelle est appliqu6
le signal de sortie de un premier circuit (4) g~n~rateur d'adres-  35
ladite premiere bascule bistable (12); ses de lecture en mdmoire pour
permettre quo           une troisibme bascule bistable (15), corn- lesdites
donnees numeriques 6crites dans ladi-      portant une entr~e de donnies &
laquelle est: te m6moire (2) solent lues & une hauteur de         appliqu6
le signal de sortie de la douxibme son pr6dotermin6e;
bascule bistable (14) et une entree d'horloge a un second circuit (5)
generateur d'adres-  40   laquelle est applique le signal de sortie dudit
ses de lecture en memoire qui est montd en         troisibme circuit
selecteur (13), le signal de parallble avec ledit premier g6n6rateur (4)
sortie de cette troisieme bascule bistable d'adresses de lecture en memoire
et qui lance       constituant un signal d'entre de commando son opdration
de lecture en g~nerant une           desdits premier (8) et deuxieme (10)
circuits adresse qui diffbre de l'adresse que gdnbre  45     selecteurs;
ledit premier circuit (4) gendrateur d'adresses        un premier circuit
ET-NON (16) pour effec- de lecture en memoire;
tuer Foperatlon ET sur le signal de sortie inver- caract~ris6 par:
se de ladite deuxieme bascule bistable (14) et un premier circuit &
verrouillage (6) pour      sur le signal de sortie de ladite troisieme bas-
verrouiller les donnees lues dans ladite memoi-  50  cule bistable (15), le
signal de sortie dudit re (2) par ledit premier circuit (4) gen~rateur
premier circuit ET-NON (16) constituant un si- d'adresses de lecture;
gnal d'arrOt pour ledit premier circuit (4) gene- un second circuit A
verroulllage (7) pour       rateur d'adresses de lecture en rnemoire; et
verrouiller les donnees lues dans ladite memoi-        un second circuit
ET-NON (17) pour effec- re (2) par ledit second circuit (5) generateur  65
tuer le produit logique sur le signal de sortie d'adresses de lecture;
invers6 de ladite troisibme bascule bistable un premier circuit s6lecteur
(8) pour sdlec-    (15) et sur le signal de sortie de-ladite deuxib-
tionner les donndes de sortie dudit premier         me bascule bistable
(14), le signal de sortie 8    15                EP 0 390 037 B1
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dudit second circuit ET-NON (17) constituant        passent par z6ro et le
temps ti ou les don- un signal d'arret pour ledit second circuit (5)
nees num~riques lues par ledit premier circuit generateur d'adresses de
lecture en memoire.       (4) g6n6rateur d'adresses de lecture passent par
zAro en phase, et qu'il est effectue une 2. Dispositif variateur de la
hauteur de son selon   5  commutation dudit premier circuit (4) gendra- la
revendication 1, dans lequel ladite memoire     tour d'adresses de lecture
audit second circuit (2) est construite de fagon a effectuer une
(5) g6n6rateur d'adresses de lecture, auquel op6ration en memoire en anneau
et en ce que         cas, audit temps tI, une commutation est ef- I'adresse
de lecture que genbre ledit premier      fectude dudit premier circuit (4)
g~ndrateur circuit (4) generateur d'adresses de lecture et  10  d'adresses
de lecture audit second circuit (5) I'adresse de lecture que g6nere ledit
second       gen6rateur d'adresses de lecture, et par le fait circuit (5)
generateur d'adresses de lecture       quo  ledit premier circuit (4)
g6n6rateur sont ddcal6es l'une par rapport A I'autre dans     d'adresses de
lecture arrfte d'augmenter une mesure correspondant a 1/2 de la mdmoi-
I'adresse de lecture pendant l'intervalle entre re en anneau.
15       un instant t3 oO les donnees numeriques lues par ledit premier
circuit (4) gen6rateur d'adres- 3. Dispositif variateur de la hauteur de
son selon     ses de lecture passent par zero et un instant t4 la
revendication 2, dans lequel ladite memoire     ou les donn~es numeriques
lues par ledit so- (2) est construite de fagon a effectuer une         cond
circuit (5) generateur d'adresses de lec- operation en memoire on anneau et
en ce que   20    ture passent par z~ro en phase, et qu'il est ledit
circuit (11) d6tecteur de difference          effectu6 une commutation
dudit second circuit d'adresse produit l'impulsion lorsque (a diff6-
(5) g6nerateur d'adresses de lecture audit pre- rence entre l'adresse
d'ecriture et l'adresse de    mier circuit (4) gendrateur d'adresses de
lectu- lecture prend une valeur correspondant & 1/4        re, auquel cas,
audit instant t4 une commuta- de la m~moire en anneau.                   25
tion est effectu6e dudit second circuit g6nira- tour (5) d'adresses de
lecture audit premier 4. Proced6 de d6calage de la hauteur de son,
circuit (4) generateur d'adresses de lecture. comprenant les etapes
consistant a convertir un signal audio analogique en donnees num6riques
MIC;                    30 a m6moriser lesdites donn6es num6riques dans une
memoire (2); a mettre une adresse d'ecriture dans ladite mdmoire par un
circuit (3) generateur d'adres- ses d'ecriture;
35 h permettre que lesdites donn6es numeri- ques ecrites dans ladite
mdmoire (2) soient lues A une hauteur de son predeterminde par un premier
circuit (4) generateur d'adresses de lecture;
40 h generer une adresse qui differe de l'adresse que g~nbre ledit premier
circuit (4) gendrateur d'adresses de lecture on memoire, par un second
circuit (5) g6nerateur d'adres- ses de lecture en memoire;
45 & r6unir les adresses de lecture generees par les premier et second
circuits (4, 5) gene- rateurs d'adresses de lecture et respective- ment A
convertir en un signal analogique les donnees numeriques lues dans ladits
mernolre  5o (2); caract~risd en ce que la reunion des adresses de lecture
est effectude par le fait quo ledit second circuit (5) generateur d'adrei-
ses de lecture arrete d'augmenter l'adresse de   55 lecture pendant
l'intervalle entre le temps t2 ob) les donnees numeriques lues par ledit
second circuit (5) gdnerateur d'adresses de lecture 9    


