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ferent kinds of errors. For example, a frame syn- chronizing signal can be
omitted or "dropped" by a The present invention relates to a circuit for
scratch or the like formed on the surface of the extracting or regenerating
frame synchronizing sig-  disc. As another example, a pulse form which nals
and particularly to a circuit having the features   5   closely resembles
the frame synchronizing signal of the preamble of claim 1.
can occur in a reproduced signal. Such a digital signal can be erroneously
identified as a frame Description of the Prior Art
synchronizing signal, with the result that subse- quent data processing
operations are erroneously An audio signal can be digitally recorded on a
10  performed. As a third example, when a digital audio disc by a pulse
code modulation (PCM) system.      disc player is operated in a search mode
to access The audio PCM signal Is recorded on a base band    the beginning
of an audio signal, the frame syn- which is not the carrier modulation
system (and    chronizing signal might not be detected. It is pref- can be,
for example, amplitude modulation, fre-    erable for the frame
synchronizing signal to be quency modulation, or the like.) A run length
limit-  15  Immediately identified upon the completion of the ed code has
been used to record the audio PCM      search mode, so that the audio
signal can be signal on the disc. In a run length limited code, a
correctly reproduced in the normal playback mode. minimum transition
Interval (err) extends between   As a fourth example, the frame period for
the two pieces of data in order to enhance the effi-      digital data can
vary. ciency of the recording (where (err) is the minimum   20
Conventional compensating circuits for use in number of the consecutive
bits of the same type.)  reproducing apparatuses require a memory which A
maximum transition interval (err) between two     operates at high speed. A
majority logic circuit is data pieces is shortened so that the self
clocking  also used to identify the frame synchronizing sig- action
performed by the reproducing apparatus is   nals. in such a majority logic
circuit, when a doubt- more easily performed (where (err) Is the maxi-  25
ful frame synchronizing pulse occurs repeatedly at mum  number of
consecutive bits of the same        the same position in each frame period,
the doubt- type).                                             ful frame
synchronizing pulses cannot be removed. The digital signal is frequently
separated into a  Reproducing apparatuses for digitally recorded number of
blocks or frames so that error correction  signals generally employ a
control circuit to control and other processing can be easily performed.
3o  the rotational speed of the disc. A velocity control Usually, each
block of data is individually pro-  circuit controls large fluctuations in.
the speed of cessed in the conversion of analog data. In a digital  the
disc. A phase control circuit controls minor audio disc, the length of one
data block is made   fluctuations in the speed of the disc since it has a
equal to one frame period. Each data block, of     limited lock range. The
phase control circuit thus course, is provided at its start point with a
frame or  35  cannot be locked into operation until the speed of block
synchronizing signal.                        the disc is approximately set
by the velocity control A bit pattern not used in the run length limited
circuit. Accordingly, the speed of the disc must be code is ordinarily
selected as the frame synchro-   ascertained before the phase control
circuit Is nizing signal for ease of detection. One prior art  switched
into operation with the velocity control system takes advantage of the fact
that the modu-  4o  circuit. lation output of two maximum transition
intervals    It is further known a speed control circuit for a (err) do not
occur in the normal modulation meth-   video disk ('Neues aus der Technik",
no.1, 15th od, and uses as the frame synchronizing signal a   February
1978, p.439). In this circuit a reproduced bit pattern of two successive
maximum transition   TV-signal is supplied to a line sync pulse detector
intervals (err). With respect to a run length limited   45  and a gate. A
decoder supplies gate, or control. code, this means that the frame
synchronizing sig-  signals to a gate. As long as the frequency of the nal
is formed by a first interval of continuous "1 "s  detected line sync pulse
does not conform with during the first maximum transition interval (err),
that of the desired signal, in other words, when the followed by a second
interval of continuous "O"s   line sync pulse is not detected, the said
decoder during the next maximum transition interval (err)    5o  supplies a
control signal so that the said gate is However, the frame synchronizing
signal is not  open, whereby all pulses supplied by the line sync always
properly detected and processed. Accord-    pulse detector are supplied to
the said detector. ingly, a compensating circuit which compensates    When
the frequencies of the actual and desired for an improperly detected and/or
processed frame  signals are similar, the said gate is normally
synchronizing signal is generally provided in the   55  closed. It is only
opened shortly before the next reproducing apparatus.
line sync pulse is expected. When the next line The compensating circuit in
the reproducing     sync pulse is detected, it is supplied to the said
apparatus must accommodate a number of dif-        detector for phase
comparison and, at the same 2    
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counter to reset same to zero,      The above, and other objects, features
and whereby the said gate is closed. From this it re-   advantages of the
present invention will be appar- suits that the said gate is closed by the
detected  ent from the following detailed description of an synchronizing
signal. Therefore, when the synchro-  illustrative embodiment thereof which
is to read In nizing signal Is erroneously detected, even if the   5
connection with the accompanying drawings. correct synchronizing signal is
detected immedi- ately thereafter, it is not adapted. Whilewhen the  Brief
description of the drawings synchronizing signal is not detected,if the
delayed interpolating synchronizing signal is used for reset-  Fig. 1 is a
block diagram illustrating a prior art tingnot only the synchronizing
signal is delayed   10  compensating circuit, for frame synchronizing but
also the window period thereafter is shifted.      signals in a didigtal
signal; However,with the aforementioned control circuit a      Figs.2A to
2F are time charts illustrating the compensation of errors is possible.
When the syn-      operation of the compensating circuit of Fig. 1
chronisation signal Is missing, which is considered    when supplied with a
digital signal having a as an error case,an Interpolating synchronizing
15   short period and drop outs of the frame syn- pulse is generatedi.e.
the said error is compen-      chronizing signal; sated. The aforementioned
known control circuit is,    Figs. 3A to 3F are time charts illustrating
the however, not suitable for realisation a simple com-   operation of the
compensating circuit of Fig. 1 pensation of errors which occur in detecting
of        when supplied with a digital signal having a long frame
synchronizing signals.                   20.    period and drop outs of the
frame synchronizing signal; Objects and Summary of the Invention
Figs. 4A to 4F are time charts illustrating the operation of the
compensating circuit of Fig. 1 It is the object of the present invention to
when supplied with a digital signal having a provide an apparatus for
reproducing a digital sig-   25  doubtful frame synchronizing signal and
with a nal with a simple compensating circuit for handling    drop out of
the frame synchronizing signal, and errors which occur in detecting a frame
synchroniz-    when supplied with a digital signal from a re- ing signal.
producing apparatus when it is operated in a The aforementioned object of
the invention is      search mode; achieved by the features of claim 1.
30      Fig. 5 is a block diagram illustrating a rotational From the
circuit of claim 1 the advantage re-      speed control system . used in an
apparatus. for suits that it is possible to reproduce a digital signal
reproducing a digital. signal; which does not suffer from the
above-described         Fig. 6A to 60 are waveform diagrams illustrating
defects in the prior art. Furthermore it is easely     the operation of the
system of Fig. 5; possible to process errors which occur in detecting   35
Fig. 7 Is a block diagram illustrating a frame a frame synchronizing
signal. In addition a digital    synchronizing signal detecting and
compensat- signal can be reproduced without the requirement      ing
circuit in accord with the present invention; of the large capacity memory.
A further advantage      Figs. 8A to 8E are time charts illustrating the of
the present invention results from the fact that a  operation of the
circuit of Fig. 7 when supplied digital signal can be reproduced which
occur at the   40  with a digital signal having a short period and same
position during successive frame periods and      drop outs of the frame
synchronizing signal; which is erroneously identified as a frame synchro-
Figs. 9A to 9E are time charts illustrating the nizing signal. Furthermore
it is possible by the       operation of the circuit of Fig. 7 when
supplied present invention to reproduce a digital signal        with a
digital signal having a long period and which can perform optimum frame
synchronizing   45     drop outs of the frame synchronizing signal; and
signal compensation operations in accordance with      Figs. 10A to 10E are
time charts illustrating the more than one operating mode of a reproducing
operation of the circuit of Fig. 7 when supplied apparatus.
with a digital signal having a doubtful frame A still further advantage of
the present inven-    synchronizing signal, a drop out of the frame tion
results from the fact that a digital signal can be   50  synchronizing
signal, and when supplied with a reproduced by an apparatus in which a
phase            digital signal from a reproducing apparatus op- control
circuit is used which makes minor correc-      erated in a search mode.
tions to the speed of the reproducing apparatus, whereby the said control
circuit is used in addition  DESCRIPTION OF THE PREFERRED EMBODI- to a
velocity control circuit, which makes large   55   MENTS corrections to the
speed of the reproducing appara- tus, in response to a circuit which
detects the         In a prior art compensating circuit as illustrated
frame synchronizing signals.                        in Fig. 1, a reproduced
digital data signal is sup- 3    
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terminal 1 and a shift register 2.  cordingly, carry pulse Fc hasa period
correspond- shift register 2 has shift stages for n bits cor-  ing to the
frame period of the reproduced digital responding to the length of a frame
synchronizing   signal. Counter 11 produces a signal for each signal. Data
having n parallel bits are supplied by  frame period even when majority
logic circuit 10 shift register 2 to a frame synchronizing signal   5
does not generate output signal FA, the frame detection circuit or detector
3. The frame synchro-  synchronizing signal detection signal with the cor-
nizing signal In the reproduced digital data signal is  rect period. If
majority logic circuit 10 produces a identified in frame synchronizing
signal detector 3  frame synchronizing signal detection signal with the
when the bit pattern of the frame synchronizing     correct period, counter
11 is reset thereby so that signal coincides with a predetermined bit
pattern.  10  the phase of carry pulse Fc coincides with the The data from
shift register 2 are also supplied  detected frame synchronizing signal. to
a memory unit 4 which stores therein one block       Carry pulse Fc is
supplied to one input terminal or frame period of data. The data stored in
memory  of an OR gate 12. Output signal FA Is supplied to unit 4 is then
supplied to a shift register 5 and is  another input terminal of OR gate
12. OR gate 12 delayed by one frame period. Shift register 5 is  15
produces a frame synchronizing signal detection similar to shift register
2, and has shift stages for n  signal Fg if the frame synchronizing signal
from bits so that parallel data of n bits are delivered  majority circuit
10 is correct. Carry pulse Fc from from shift register 5 to a second frame
synchronize  counter 11 is supplied through OR gate 12 to ing signal
detection circuit or detector 6 wherein    output terminal 14 as signal FG
when the frame the frame synchronizing signal is detected again  20
synchronizing signal is not generated by majority oust as in frame
synchronizing signal detector 3).  circuit 10 due, for example, to a drop
out. The data from shift register 5 is also supplied to a    In Fig. 1, it
is to be appreciated that the repro- second memory unit 7 which is similar
to memory     duced digital data is generated at output terminal unit 4 and
stores one block of data therein. Data   15. stored in memory unit 7
is.delayed by one frame   25    A digitally.recorded signal on a disc must
be period and supplied to a shift register 8. Shift    synchronized in a
bit-wise fashion with a clock register 8 is similar to shift registers 2
and 5 so  signal in the reproducing apparatus for the re- that parallel
data of n bits are supplied to a third  production to be performed. When
the clock signal frame synchronizing signal detection circuit or de-  and
the reproduced signal deviate in phase from tector 9 wherein the frame
synchronizing signal is  3o  each other, and the phase deviation Is added
there- detected when it is delayed by two frame periods    to, a cycle slip
phenomenon can occur in which the with respect to the reproduced digital
data.        frame synchronizing signal from one cycle period -  Frame
synchronizing signal detection signals    Is dropped and/or changed in
position. In a bit Fo, F1, and F2 generated, respectively, by frame
synchronizing circuit, the frequency of a variable synchronizing signal
detectors 3, 6 and 9, are  35  frequency oscillator in a phase locked loop
(PLL) supplied to a majority logic circuit 10. Majority   circuit and the
time constant of a low-pass filter are logic circuit 10 supplies an output
signal FA when  selected so that a time error caused by the cycle two or
more of the three frame synchronizing sig-    slip phenomenon is kept to
about t 1 or 2 bits. nal detection signals Fo, F1, and F2 coincide. When
The operation of the circuit of Fig. 1 will now the rotational speed of the
disc is steady, frame  40  be described with reference to the timing charts
of synchronizing signal detectors 3, 6, and 9 produce  Figs. 2A to 2F, 3A
to 3F, and 4A to 4F. frame synchronizing signals Fo, F1 and F2 at co-
In Fig. 2A, the period between the third and incident frame cycles or
periods. When the phases   fourth frame synchronizing signals is shortened
of frame synchronizing signal detection signals Fo,  due to the cycle slip
phenomenon, while the sev- F1. coincide, majority logic circuit 1O produces
45  enth and eighth frame synchronizing signals dis- output signal FA for
each frame period.             appear due to drop outs. (The periods
identified by If two or more frame synchronizing signals      the X marks
in Figs. 2A to 2F indicate periods successively drop out of the digital
signal, the    having erroneous lengths.) phases of two or more of frame
synchronizing            As illustrated in Fig. 2D, output signal FA from
signal detection signals Fo, F1, and F2 do not  50   majority logic circuit
10 is generated at the timing coincide at the time when the drop outs
occur, so   of the fourth frame synchronizing signal since that majority
logic circuit 10 does not produce     frame synchronizing signal detection
signal F1 from output signal FA. The frame synchronizing signal is  frame
synchronizing signal detector 6 has the thus not properly detected.
same phase as frame synchronizing signal detec- Clock generator 13 supplies
clock pulses CP to  55  tion signal F2 from frame synchronising signal de-
a clock terminal of a counter 11. Counter 11 pro-   tector 9. Output signal
FA from majority logic circuit duces a carry pulse Fc in response to the
clock     10 is generated at the timing of the fifth frame pulses CP
counted during one frame period. Ac-      synchronizing signal since frame
synchronizing sig- 4    
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signals Fo and F1 are In phase.      end of the search mode, whereby
counter 11 is Counter 11 is reset by output signal FA from   reset before
carry pulse Fc is generated again. As majority logic circuit 10 and
produces carry pulse  shown in Fig. 4E, the corresponding frame period Fc,
as shown in Fig. 2E. Counter 11 does not       is longer than one frame
period. A frame synchro- generate signal Fc In the fifth frame period
because   5   nizing signal detection signal FG is generated at the period
between the fourth and fifth signals is  output terminal 14, as shown in
Fig. 4F. In other shorter than the normal frame period. Thus, coun-  words,
a signal Indicating the correct frame period ter 11 is reset by output
signal FA before it gen-  is generated Immediately after the termination of
erates carry pulse Fc.                             the search mode. Output
signal FA from majority logic circuit 10   10   The circuit of Fig. 1,
however, suffers from and carry pulse Fc from counter 11 are supplied to
significant drawbacks. First, the circuit requires a OR gate 12 which
supplies output signal Fa as the  memory unit which, operates at high
speed. Sec- frame synchronizing signal detection signal, as    ond,
majority logic circuit 10 cannot remove a shown In Fig. 2F. As is clear
from the time charts,  doubtful frame synchronizing pulse which repeat- the
frame synchronizing signal for the drop out  15  edly occurs at the same
position in each frame period is produced by carry pulse Fc with a frame
period. period derived from counter 11.                       Several
points must be considered in a frame Figs. 3A to 3F Illustrate a digital
signal In which  synchronizing signal detecting and compensating cycle slip
occurs between the third and fourth     circuit. First, a cycle slip which
occurs in the repro- frame synchronizing signals and the length of the
20.. duced digital signal Is normally about (err) 1 or 2 bits, period
accordingly becomes longer than one frame   and is quite small when
compared with the length period, and In which drop outs occur in the
seventh  of the frame period. Second, since the pattern for and eighth
frame periods.                         the frame synchronizing signal is
especially se- Since the length of the cycle slip is longer than  lected, a
safe region must be provided before and one frame period, counter 11 is not
reset before it  25  after the frame synchronizing signal .so that it can
generates carry pulse Fc. Carry pulse Fc for the  be accurately detected
Third, the pattern for the frame period is generated (as shown In Fig. 3E),
frame synchronizing signal is not a pattern which but counter 11 is reset
by output signal FA from   ordinarily occurs in the modulation system so
that majority logic circuit 10 during the period between  as long as a drop
out and a doubtful frame syn- the generation of the first carry pulse Fc
and the   30  chronizing signal are not mixed, the probability of following
carry pulse Fc so that the period there-  the same pattern randomly
occurring in the digital between corresponds to the length of the cycle
signal is approximately zero. slip, i.e. is longer than one frame period.
Fig. 3F   There are at least two known methods by illustrates frame
synchronizing signal detection sig-  which an audio pulse coded modulation
(PCM) nal FG supplied at output terminal 14.        35  signal can be
recorded on a disc. According to one Figs. 4A to 4F illustrate a digital
signal In which  method, the PCM signal is recorded with a con- the noise
therein is mixed with the frame synchro-  stant angular velocity. In an
alternate method, the nizing signal to form a doubtful frame synchroniz-
PCM signal is recorded with a constant linear ve- ing signal. Figs. 4A to
4F also illustrate the digital  locity. Recordings made with a constant
linear ve- signal from a reproducing apparatus operated in  4o  locity are
preferable to recordings made with. a the search mode wherein the frame
synchronizing    constant angular velocity because the recording signals
are not detected by the frame synchroniz-  density for such recordings can
be increased. In ing signal detectors 3, 6, 9.                      such an
instance, the disc on which the recording In Figs. 4A to 4C, the doubtful
frame synchro-  is made must be reproduced at a constant linear nizing
signal does not overlap at the same position   45  velocity. in frame
synchronizing signal detection signals Fo,   One known method for
controlling disc rotation F. and F2, so that majority logic circuit 10 pro-
at a constant linear velocity detects the position of duces output signal
FA (as shown in Fig. 4D) with-  a pick-up device by a potentiometer. Since
the disc out the doubtful frame synchronizing pulse.        must rotate
faster as the pick-up device moves When the reproducing apparatus is
operated in  50  away from the center of the disc, the output signal the
search mode, and the frame synchronizing       from the potentiometer is
fed to a divider circuit to signal is not detected, counter 11 produces
signal  generate speed control information from the posi- Fc for each frame
period and which is supplied to  tion of the pick-up device. However, a
potentiom- output terminal 14 as frame synchronizing signal   eter and a
divider circuit for generating the speed detection signal FG. After the
search mode of op-  55  control signals are both expensive and compli-
eration has ended, majority logic circuit 10 gen-  cated. erates output
signal FA at a position for the second  According to another method, the
disc is rotat- frame synchronizing signal, as counted from the    ed at a
constant linear velocity by detecting a 5    
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from the disc. The length of time  negative polarity transition intervals
of output signal for a transition interval is measured and compared  SP.
with a standard reference value. The speed of the    When output signal SP
has a transition interval disc is then changed according to the comparison.
In which the number of clock pulses CP counted When the content of a disc
is reproduced at a   5   therein exceeds a predetermined number N (where
constant linear velocity, a minimum transition inter-  N Is a value counted
during maximum transition val Tmtn and a maximum transition Interval (err)
In  interval (err) counter 103 generates output signals the reproduced
signal assume predetermined refer-  of "1" at Its Q output terminals. The
output signals ence values. Therefore, If the maximum transition  from the
0 terminals of counter 103 are supplied to interval (err) or the minimum
transition Interval (err)  10  a NAND gate 109 which then generates an
output in the reproduced signal deviates from the refer-  signal No having
a value of "0" when the output ence value, the rotational speed can be
controlled  signals from counter 103 are "1". Output signal No to reduce or
eliminate the deviation, so that the  is supplied to an enable terminal EN
of counter disc rotates at a constant linear velocity.       103, so that
counter 103 stops the counting opera- Since the frame synchronizing signal
is repro-  15  tion. Since output signal No is also supplied to duced at
each frame period, a velocity control    NAND gates 105 and 106, NAND gates
105 and circuit can be operated so that successive maxi-  106 are turned
off. Counter 103 cannot be cleared mum transition intervals (err) which are
the frame  by a reproduced digital signal thereafter. synchronizing
signals, assume a predetermined        Output signal No from  NAND gate 109
is value.                                       20  latched to a D-type
flip-flop circuit 110 in response In Fig. 5, a PCM audio disc reproducing
ap-   to the rising edge of a signal SFX. A quartz oscilla- paratus
includes a velocity control system 100, a  tor 111 supplies an output clock
pulse to frequency phase control system 200. and a frame synchroniz-
divider 112 which divides the output clock pulses ing signal detecting and
compensating circuit 300  to generate signal SFX. in the Illustrative
embodi- in accord with the present invention. Frame syn-  25  ment, signal
SFX has a frame period of 117.35 kHz. chronizing signal detecting and
compensating cir-    After output signal No from NAND gate 109- is cult 300
generates a detection signal in response  latched to D-type flip-flop
circuit 110 as described to a frame synchronizing signal and compensates
above, signal SFX is supplied to a clear terminal for drop outs, cycle
slips, or the like. Compensating  CL of counter 103 through a delay circuit
113 and circuit 300 also generates a signal which deter-  30  AND gate 107
whereby counter 103 is cleared. mines whether the operation of phase
control sys-.  Output signal. No from NAND gate 109 becomes tern 200 is
added to velocity control system 100.  "1" to place counter 103 in a count
enable state In velocity control system 100, an optical pick-  and NAND
gates 105 and 106 In an open state. up device 101 generates a signal which
is supplied  Thus, the number of clock pulses CP counted to a wave shaping
circuit 102. The output signal  35  during the transition intervals of the
output signal from optical pick-up device 101 can be blunted or  SP are
counted again. rounded. For example, a sinusoidal wave may be
Accordingly, counter 103 detects whether the 'generated in response to data
bits of "1" and "0".  maximum transition interval (err) in the output sig-
Wave shaping circuit 102 reshapes the signal from  nal SP is longer or
shorter than a reference value optical pick-up device 101 and delivers a
substan-  40  for each frame period. The output signal from tially square
wave in response to the blunted Input  counter 103 is latched to D-type
flip-flop circuit 110 wave.
after being supplied to NAND gate 109. If counter A counter 103 detects the
maximum transition   103 detects that any one of the transition Intervals
interval (err) A clock pulse CP having a frequency  of output signal SP is
longer than the reference of, for example, about 34.6 MHz and generated by
45  value for one frame period, output signal No from an oscillator 104 is
supplied to a clock terminal CK  NAND gate 109 becomes "0". When the
respective of counter 103. An output signal SP from wave     transition
intervals of output signal SP are shorter shaping circuit 102 is supplied
to a clear terminal  than the reference value, output signal No from CL of
counter 103 through a NAND gate 105 and     NAND gate 109 becomes "1". The
output signal an AND gate 107 whereby counter 103 is cleared   50  before
the detection of the maximum transition at the falling or trailing edge of
output signal SP.  interval Tmx is stored in D-type flip-flop circuit 110
Output signal SP is supplied to an inverter 108   during the succeeding
frame period. which supplies an output signal SF to a clear        A charge
and discharge circuit 120 includes a terminal CL of counter 103 by way of a
NAND gate  capacitor 121 for charge and discharge, a positive 106 and AND
gate 107 whereby counter 103 is  55  current source 122 and a negative
current source also cleared at the rising or leading edge of output  123.
When an output signal VS from the Q terminal signal SP. Counter 103 thus
counts the number of  of D-type flip-flop circuit 110 is "0", and an output
clock pulses CP during the respective positive and  signal VS from t output
terminal of D-type flip-flop 6    
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"1", a switching circuit 124 is    signal SFX has a reference frame period
which is switched on so that a charging current (err) is sup-  produced by
dividing the frequency of the output plied to capacitor 121 from positive
current source  signals from quartz oscillator 111 in frequency di- 122.
When output signal VS from the Q terminal of  vider 112. Signal SFX can
form a constant phase D-type flip-flop circuit 110 is "1", and output
signal   5   relationship with a signal SFG which Is synchro- VS at Q
output terminal of D-type flip-flop circuit  nized with the frame
synchronizing signal SF de- 110 is "0", a switching circuit 125 is switched
on  tected in the reproduced signal by frame synchro- so that capacitor 121
permits a discharging current  nizing signal detecting and compensating
circuit (err)to flow through negative current source 123.   300. The lock
frequency for phase control system Accordingly, capacitor 121 Is charged
and dis-  10  200 is a function of the oscillation frequency gen- charged
in response to the output signals from D-  erated by quartz oscillator 111.
In the Illustrative type flip-flop circuit 110. The voltage developed
embodiment,. the oscillation frequency, of quartz across capacitor 121 is
supplied to an inverting   oscillator 111 is selected so that when the
maxi- input terminal of an operational amplifier 130 which  mum transition
interval (err) is the reference value operates as a comparator. A positive
DC voltage   15  and the velocity control Is stable, phase control ES is
supplied to a non-inverting input terminal of  system 200 is locked.
operational amplifier -130. A difference output signal  Signal SFX Is
supplied to a flip-flop circuit 201 from operational amplifier 130 is
supplied to a    which generates a signal F1 which is inverted at motor
driving circuit (not shown) for rotating the  the leading edge of signal
SFX. A signal SFG, disc.                                         20 having
a frame period derived from frame synchro- When the rotational speed of the
disc is slower  nizing signal detecting and compensating circuit than a
predetermined linear velocity, the maximum  300, is supplied to a flip-flop
circuit 202 which transition Interval Tmx in output signal SP is longer
generates a signal F2 which is Inverted at the than the reference value.
Output signal No from    leading edge of signal SFG. Signals F1 and F2 are
NAND gate 109 becomes "0", switching circuit 124   25  supplied to input
terminals of an AND gate 203 is 'switched on while switching circuit 125 is
which. generates an output signal A, Indicative of switched off so that
charging current (err)flows to  the difference in phase between output
signals F1 capacitor 121. Since the voltage across capacitor  and F2.
Output signal Al is supplied to the Input 121 increases, the output voltage
from operational  terminals of AND gates 205 and 206. amplifier 130
decreases, so that the rotational  30   Signal F2 from the Q output
terminal of flip-flop speed of the motor increases.
202 is supplied to a D terminal of a D-type flip-flop When the rotational
speed of the disc is higher  circuit 204. Signal F1 from the Q terminal of
a D- than a predetermined linear velocity, the maximum  type flip-flop 210
is supplied to clock terminal CK transition interval (err) in the
reproduced signal SP  of flip-flop circuit 204. An output signal UD from
the Is shorter than the reference value, so that the   35  Q output
terminal of flip-flop 204 is supplied to one output signal No from NAND
gate 109 becomes       input terminal of an AND gate 205. Output signal "1"
during each frame period. Switching circuit 125  UD is also supplied to an
inverter 207 which sup- is switched on to permit discharging current (err)
to  plies its output to an AND gate 206. flow from capacitor 121. The
voltage across capaci-   AND gate 205 supplies an output signal A2 -to a
tor 121 is accordingly lowered, the output voltage   40  charge and
discharge circuit 210. AND gate 206 from operational amplifier 130
increases, and the  supplies an output signal As to charge and dis-
rotational speed of the motor decreases.           charge circuit 210. When
the disc rotates at a constant linear         Charge and discharge circuit
210 generates a velocity, the voltage across capacitor 121 is re-  phase
control voltage in response to output signals duced substantially to zero.
45  A2 and A3 and includes a capacitor 211 for charge A diode 126 (with a
cathode connected to       and discharge, a positive current source 212,
and a ground) is connected In parallel to capacitor 121 to  negative
current source 213. When output signal prevent the motor from rotating in a
reverse direc-  A2 from AND gate 205 is "1", a switching circuit tion. When
a potential at a point P in Fig. 5 is a  214 is switched on so that
positive current source positive voltage and exceeds reference voltage ES,
50  212 permits a charging current (err), to flow to ca- the output signal
from operational amplifier 130   pacitor 211. When output signal A3 from
AND gate approaches a negative voltage so that the motor    206 is "1", a
switching circuit 215 is switched on would begin to rotate in a reverse
direction. How-  so that capacitor 211 permits a discharging circuit ever,
since diode 126 is connected between point   it. to flow through negative
current source 213. P and ground, it is switched on. Hence, the poten-  55
As illustrated in Figs. 6L and 6M, when signals tial at point P does not
become positive, and the  F, and F2 have a phase difference of 180'.
signals motor does not rotate in a reverse direction.      SFX and SFG have
no phase difference there- With reference to phase control system 200,
between. Output signal A2 from AND gate 205 7    
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times. Phase control system     frame synchronizing signal detecting and
compen- 200 operates so that signals SFX and SFG main-     sating circuit
300 has a limited lock range so that tain a predetermined phase relation
therebetween.  until the rotational speed of the disc is approxi- When
signals SFX and SFG have the phase         mately equal to a predetermined
linear velocity, the relationship depicted in Figs. 6A and 6C, and out-   5
phase control system 200 cannot be brought into put signals F1 and F2 from
flip-flop circuits 201 and  operation. It is to be appreciated that the
rotational 202 have a 180- phase difference as illustrated in  speed of the
disc cannot be locked in phase with Figs. 6B and 6D, output signal UD from
filp-flop   the output signal from quartz oscillator 111 follow- circuit
204 becomes "0", as shown in Fig. 6F.      ing a large fluctuation in the
linear velocity of the Output signal A1 from AND gate 203 has the dis-  10
disc which can occur when the pick-up device placement shown in Fig. 6E.
scans the disc. Accordingly, phase control system Although output signal A2
from AND gate 205     200 is disabled until the linear velocity of the disc
becomes "0", as shown in Fig. 6G, AND gate 206     becomes substantially
constant. produces a signal having a width dependent on the     In order to
detect the frame synchronizing sig- phase deviation which is shown in Fig.
6H and   15  nal,` a clock pulse is synchronized with the clock identified
as output signal As. Switching circuit 215  component in the reproduced
digital signal and the is switched on to allow a discharging current (err).
to  bit pattern resulting therefrom is compared with the 'low from
capacitor 211 whereby the voltage       bit pattern from the frame
synchronizing signal in thereacross decreases.
the reproduced digital signal. In the illustrative em- When signals SFX and
SFG deviate in phase   20  bodiment, the output signal from the PLL circuit
as with respect to each other, as indicated in Figs. 6A  described above is
used for the clock pulse. Ac- and 6C, the width of output signal A1 from
AND     cordingly, when the linear velocity has not reached gate 203 does
not change, but output signal UD     the predetermined speed, the PLL
circuit is not from D-type flip-flop 204 becomes "1", as illus-   locked in
phase with the reproduced clock signal trated in Fig. 61. Output signal A2
of AND gate 205   25  and the frame synchronizing signal cannot be reli-
has a width representative of the phase deviation  ably detected. as shown
in Fig. 6G so that switching circuit 214 is   Frame synchronizing signal
detecting and com- switched on and switching circuit 215 is switched
pensating circuit 300 thus includes a supervisory off thereby permitting a
charging current (err) to flow  circuit which keeps a close watch on
whether the to capacitor 211 whereby the voltage thereacross  30  frame
synchronizing signal is reliably detected. increases.
Output signal SL (derived from frame synchronizing The voltage across
capacitor 211 is added to   signal detecting and compensating circuit 300)
is at the output voltage from charge and discharge cir-  a high level when
the frame synchronizing signal Is cult 120 in velocity control system 100
and then  not reliably detected, as described hereinbelow. supplied to the
inverting input terminal of oper-  35  Output signal SL is supplied to AND
gates 205, ational amplifier 130 where it controls the speed of  206
through an inverter 208 so that until the linear the motor.
velocity of the disc reaches a predetermined value, In the illustrated
embodiment, charge and dis-  AND gates 205 and 206 are turned off by output
charge circuit 120 has a time constant Tv and      signal SL, thereby
inhibiting the operation of phase charge and discharge circuit 210 has a
time con-  40  control system 200. stant Tp. Time constants Tv and Tp are
selected        Fig. 7 illustrates one embodiment of a frame whereby:
synchronizing signal detecting and compensating circuit 300 in accord with
the present invention. (err)
Signal SP, such as digital data or the like, from 45  wave shaping circuit
102 (see Fig. 5) is supplied to so that in a stationary state, velocity
control circuit  an input terminal 301 and hence, to a frame syn- 100
controls large changes in the rotational speed  chronizing signal detection
circuit or detector 302. of the disc, while phase control circuit 200
controls  A clock pulse GP is synchronized with the repro- small changes in
the rotational speed of the disc. It  duced signal derived from a clock
generator 308 is to be appreciated that the disc rotates with  50  which
includes a PLL circuit and is supplied to minimal wow and flutter because
of the circuit     detector 302. Detector 302 generates a frame syn-
arrangement of the present invention.              chronizing signal
detection signal SFO by detecting Signal SFG generates a phase control
signal     a signal having a bit pattern which is the same as and is
derived from frame synchronizing signal     the frame synchronizing signal
in the reproduced detecting and compensating circuit 300 by fre-  55
signal as described hereinbefore. Frame synchro- quency dividing an output
signal of a PLL circuit  nizing signal detection signal SFO is supplied to
a which is synchronized with the clock component in  protecting circuit 303
which mutes frame synchro- the reproduced digital signal. The PLL circuit
of  nizing detection signal SFO to prevent noise from 8    
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detected as a frame synchroniz-    pulse SFC and forces counter 307 to make
the ing signal. Protecting circuit 303 is most commonly  frame
synchronizing signal coincide in phase with utilized in the period during
playback when the    carry pulse SFC. position of the pick-up device jumps
and there is     Supervisory counter 312 comprises in part the no
reproduced signal. Protecting circuit 303 may   5   above-described
supervisory circuit. Detection sig- be eliminated from the circuit of Fig.
7 and the   nal SFW  Is supplied to a load terminal LD of circuit will
operate as herein described.          supervisory counter 312 to preset the
count value Frame synchronizing signal detection signal    therein. An
output signal from "m" detector 311 Is SF0 is supplied through protecting
circuit 303 to a  supplied to a clock terminal of supervisory counter gate
circuit 304. A window pulse PW supplied from   10  312 when the count value
from counter 307 cor- an OR gate- 305 functions as a gate signal for gate
responds to m bits. circuit 304. In one embodiment, window pulse PW
Since counter 307 counts the number of clock has a pulse width of 2 m bits
(m bits (err) the position  pulses CP at all times, "m"detector 311
generates at which a normal frame synchronizing signal oc-   a signal at
each frame period which is supplied to curs). In one example, m can be
equal to three.  15  and counted by supervisory counter 312. Gate cir- When
a frame synchronizing signal occurs at the    cult 304 generates detection
signal SFW which Is correct position and the phase of window pulse PW
supplied to load terminal LD of supervisory counter substantially coincides
therewith, gate circuit 304  312 so that supervisory counter 312 is preset.
it is supplies a detection signal SFW to an OR gate       to be appreciated
that the count value In supervi- 306. Detection signal SFW is also supplied
to a   20  sory counter 312 does not increment more than the clear terminal
CL of a counter 307. A clock pulse  preset value plus one. When gate
circuit 304 does CP is supplied to a clock terminal of counter 307.  not
generate detection signal SFW, supervisory Clock pulse CP is synchronized
with the clock      counter 312 counts the output signal from "m component
of the reproduced signal and is derived  detector 311 so that the count
value therein incre- from a clock generator 308 equipped with a PLL  .25
ments. When the count value of supervisory coun- circuit so that counter
307 generates a carry pulse  ter 312 reaches a predetermined value (for
exam- SFC for each frame period. Carry pulse SFC is      pie, eight),
supervisory counter 312 generates an synchronized with the reproduced
signal which re-  output signal SL which rises to a high level. Since suits
from dividing the frequency of clock pulse CP  output signal SL is supplied
to an enable terminal and is supplied to one input terminal of OR gate  30
EN of supervisory counter 312, the counting opera- 306. OR gate 306
supplies a frame synchronizing    tion of supervisory counter 312 stops.
Output signal signal detection signal SFG, as described more    SL from
supervisory counter 312 is also supplied to fully hereinbelow, to an output
terminal 317.      gate circuit 304 as window pulse PW via OR gate Window
pulse PW is generated in response to     305 In other words, the gate
signal remains at -a the count value from counter 307. When the count  35
high level to keep gate circuit 304 in an open state. value "n" In counter
307, which corresponds to the    When gate circuit 304 generates detection
sig- frame period, is reduced by a number correspond-   nal SFW,
supervisory counter 312 is placed into a ing to m bits of the maximum value
of a cycle slip  load state again whereby output signal SL drops to (for
example, 3 bits), the reduced count number n-  a low level and supervisory
counter 312 returns to m is detected by an "n - m" detector 309 and a   40
a count enable state. flip-flop circuit 310 is accordingly set. When the
Functionally, when the phase of carry pulse count value of counter 307
corresponds to m bits,  SFC deviates considerably from the phase of the
such count number is detected in an "m" detector   frame synchronizing
signal in the reproduced sig- 311 so that flip-flop circuit 310 is reset.
Since  nal, so that frame synchronizing signal detection counter 307 is
cleared by detection signal SFW,  45  signal SFO does not fall within the
width of window flip-flop circuit 310 generates a window signal    pulse
PW, supervisory counter 312 detects such which rises at a position m bits
before the frame  deviation and permits counter 307 to be cleared
synchronizing signal occurs and which falls m bits  whereby the phase of
carry pulse SFC is made to after the trailing edge of the frame
synchronizing  coincide with the frame synchronizing signal in the signal.
The window signal is supplied to one input  50  reproduced signal. (in the
illustrative embodiment, terminal of OR gate 305 and comprises window
supervisory counter 312 can be a preset type or an pulse PW for gate
circuit 304.                     ordinary clear-type counter.) Gate circuit
304 does not generate detection       In accordance with the present
invention, the signal SFW when the phase of the frame synchro-    width of
window pulse PW arid the preset value for nizing signal significantly
deviates from carry pulse  55  supervisory counter 312 are controlled in
accord SFC. A supervisory circuit (explained more fully   with the
operating mode of the reproducing appara- hereinbelow) detects the phase
displacement be-    tus and the state of the reproduced signal so that
tween the frame synchronizing signal and carry    the compensating circuit
will operate most effi- 9    
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Controller 316 supplies control signals to "n-m" In a normal playback mode,
the width of win-  detector 309 and "m" detector 311 to vary the dow pulse
PW is such that it will gate the frame  count value corresponding to the
"m" bits. The synchronizing signal detection signal even when a  value of m
and the corresponding width of window cycle slip occurs. For example, the
frame synchro-   5   pulse PW vary in accordance with the errors de- nizing
signal can be within t 3 bits of the position  tected in the digital signal
by error correction cir- where it is expected to be detected. The width of
t  cuit 315. 3 bits is generally acceptable in a normal playback
Controller 316 supplies an output signal to vary mode when the data error
in the reproduced signal  the preset value of supervisory counter 312 In Is
random. However, when there are a large num-  10  accord with the operating
mode of the reproducing ber of burst errors In the reproduced signal, the
apparatus and the presence of a reproduced signal amount of cycle slip
Increases since the amount of  detected by RF detector 313. the phase
deviation between the reproduced signal    The operation of the frame
synchronizing sig- and the clock signal accumulates. The width of    nal
detecting and compensating circuit of Fig. 7 will window pulse PW must be
correspondingly widen-  15  now be described with reference to the timing
ed.                                               charts of Figs. 8, 9 and
10. In Figs. 8A to 8E, the Supervisory counter 312 corrects phase de-
digital signal supplied to the circuit of Fig. 7 has a viations between
window pulse PW and frame syn-   frame period which is shorter than a
normal frame chronizing signal detection signal SFO. When the   period
because of a cycle slip, and also has drop frame synchronizing signal is
reliably detected as  20  outs In the seventh and eighth frames. Fig. BA in
a normal playback mode, the phase of window;  illustrates frame
synchronizing signal detection sig- pulse PW is correct even if detection
signal SFW  rial SFO from frame synchronizing signal detector disappears as
a result of a drop out or the like. If  302. Fig. 8B illustrates window
pulse PW generated the supervisory circuit operates under such con-  by
flip-flop circuit 310. Fig. 8C Illustrates detection ditions, the width of
window pulse PW Is substan-  25  signal SFW generated by gate circuit 304.
Fig. 8D tially increased. Noise, such as a doubtful frame  illustrates
carry pulse SFC generated by counter synchronizing signal and the like,
cannot be elimi-  307. Fig. 8E illustrates frame synchronizing signal
nated, however. Accordingly, the number of frames  detection signal SFG
generated by OR gate 306. required to be detected before output signal SL
In Fig. 8, the amount of cycle slip Is small rises to a high level is
relatively large, for example,  30  when there are a large number of random
errors in sixteen. It is to be appreciated. that the number of  the
reproduced signal and a relatively small num- frames required to raise
output signal SL to the  bar of burst errors. The amount of cycle slip is
high level is the same as the number of output    much greater when there
are many burst errors. signals generated by "m" detector 311.
The width of window pulse PW varies according to When the reproducing
apparatus is operated in  35  the number of errors in the signal so that
the a search mode to access the beginning of a re-    detection signal for
the frame synchronizing signal cording, output signal SL rises to a high
level  is substantially certainly contained within the width X shortly
after the frame synchronizing signal is no  of window pulse PW even
considering the cycle longer detected. In the illustrative embodiment, out-
slip. Gate circuit 304 generates detection signal put signal SL rises to a
high level after three frame   40  SFW to clear counter 307 before carry
pulse SFC periods.                                         is generated so
that the width of window pulse PW When the reproduced signal disappears
during   is narrowed. Accordingly, carry pulse SFC Is playback, supervisory
counter 312 raises output   dropped during the period where the cycle slip
signal SL to a high level immediately after the   occurs, as shown in Fig.
8D. During the period frame synchronizing signal disappears. In addition,
45  where the drop outs occur, a frame synchronizing the rotational speed
of the disc is controlled when  signal is not detected within the width of
window the reproduced signal disappears so that the width  pulse PW, so
that gate circuit 304 does not gen- of window pulse PW is increased to its
maximum.   erate detection signal SFW. However, if counter The supervisory
circuit in accordance with the  307 is correctly cleared by one detection
signal present invention includes an RF detector 313  so  SFW before the
drop outs occur, counter 307 gen- which detects the presence of a
reproduced signal  erates carry pulse SFC having the correct frame and
supplies a detected output signal to a control-  period. Carry pulse SFC is
then supplied through ler 316. A system controller 314 supplies a signal
OR gate 306 to output terminal 317 as frame to controller 316 which
indicates the operating   synchronizing signal detection signal SF0. mode
of the reproducing apparatus. An error cor-  55  In Figs. 9A to 9E, the
digital signal supplied to rection circuit 315 detects errors in the
reproduced  the circuit of Fig. 7 contains a cycle slip and drop signal and
supplies a signal indicative of the errors  outs in the seventh and eighth
periods. The period to controller 316.                               length
exceeds the normal frame period because of 10    
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Detection signal SFW  from gate     wide enough to accommodate the correct
frame circuit 304 clears counter 307 after counter 307 has  synchronizing
signal but narrow enough to elimi- generated carry pulse SFC so that the
timing of    nate the erroneous signal. carry pulse SFC differs from the
normal timing. As    The compensating circuit in accord with the
illustrated in Fig. 9E, frame synchronizing signal   5   present invention
also compensates for a dropped detection signal SFG supplied at input
terminal 317  frame synchronizing signal when the reproducing has double
frame synchronizing signals as a result  apparatus is operated in the
playback mode. of the cycle slip.                                    The
compensating circuit In accord with the In Fig. 10A, the digital signal
supplied to the  present invention further prevents an Incorrect or circuit
of Fig. 7 includes a doubtful frame synchro-  10  arbitrary addition of the
phase control system to nizing signal mixed with the frame synchronizing
the velocity control system used in determining the signal, and a drop out
in the fourth period. in    rotational speed of the disc since the phase
control addition, the reproducing apparatus is operated in a  system is
added to the velocity control system In search mode to access the beginning
of an audio    response to a signal from a supervisory circuit signal,
during which time frame synchronizing sig-  is   which keeps watch on
whether the frame synchro- nal detection signal SFO drops out. The doubtful
nizing signal is reliably detected. frame synchronizing signal does not
fall within the    it is to be further appreciated that the supervi- width
of window pulse PW so that the doubtful      sory circuit operates
immediately .when the re- frame synchronizing signal is eliminated. and
gate  producing apparatus is operated in the playback circuit 304 delivers
a correctly timed detection sig-  20.  mode and also in response to the
state of the nal SFW. During the search mode of operation of    reproduced
signal. Accordingly, the speed control the reproducing apparatus, gate
circuit 304 does   system for the reproducing apparatus can be cor- not
generate a detection signal SFW in response to  rectly operated since the
output signal from the output signal SL from supervisory counter 312. As
supervisory circuit is used to control the addition of noted before,
supervisory counter 312 generates   25  the phase control, system to the
velocity control output signal SL when three frame synchronizing    system.
signals have been omitted. Gate circuit 304 is thus   The present invention
is not limited to a re- opened by output signal SL, as indicated in Fig.
producing apparatus for a pulse coded modulation 10F. When 'the reproducing
apparatus is operated   audio disc, but can be applied to any apparatus in
the normal playback mode, after operation in the   30  which reproduces a
digital signal recorded in the search mode, gate circuit 304. generates
detection  base band and which, upon reproduction, has a signal SFW which
places supervisory counter 312    frame or block synchronizing signal. into
the load mode and clears counter 307. Carry pulse SFC becomes discontinuous
just after the     Claims search mode is terminated, as illustrated in Fig.
35 10D, but is correctly synchronized shortly there-  1. A circuit for
extracting or regenerating frame after.
synchronizing signals used for reproducing ;.    As hereinbefore described,
frame synchroniz-        digital signals separated by said frame syn- ing
signal detecting and compensating circuit 300      chronizing signals, each
digital signal having a produces frame synchronizing signal detection sig-
40  predetermined frame period comprising: nal SFG even when a drop out in
the digital signal     receiving means (301) for receiving an input occurs.
Frame synchronizing signal detecting and       signal; compensating circuit
300 also produces output sig-     detecting means (302) for detecting the
frame nal SL to indicate whether the frame synchronizing    synchronizing
signals from the Input signal so signal has been reliably detected. As
explained   45   as to generate respective detection signals above, output
signal SL determines whether phase       (SFO) in response thereto; control
system 200 is added to velocity control        gating means (304) for
receiving the detection system 100.
signals (SFO) for gating the latter (SFO) in It is to be appreciated that a
frame synchroniz-   response to gating signals (PW); clock means ing signal
detecting and compensating circuit in  so   (308) for generating clock
signals (CP); accord with the present invention does not require
counter means (307) for counting said clock a memory with a large capacity
or the like.            signals up to a first predetermined number (n) As
will be evident from the discussion herein-     so as to generate
interpolation synchronising before, when an erroneous frame synchronizing
signals; and signal occurs at the same position during consecu-   55
window signal generating means (309-311) in- tive frame periods, such
erroneous signal can be       cluding first detecting means (309) for
decod- removed since the frame synchronizing signal de-       ing the count
of said counter means (307) so tection signal is gated by a gate pulse
which is       as to supply gate-open signals when the count    19
EP 0 081 757 B1                   20          (err) 



the cycle slip. Detection signal SFW from gate    wide enough to
accommodate the correct frame circuit 304 clears counter 307 after counter
307 has  synchronizing signal but narrow enough to elimi- generated carry
pulse SFC. so that the timing of  nate the erroneous signal. carry pulse
SFC differs from the normal timing. As    The compensating circuit in
accord with the Illustrated In Fig. 9E, frame synchronizing signal   6
present invention also compensates for a dropped detection signal SFG
supplied at input terminal 317  frame synchronizing signal when the
reproducing has double frame synchronizing signals as a result  apparatus
is operated In the playback mode. of the cycle slip.
The compensating circuit In accord with the In Fig. 10A, the digital signal
supplied to the  present invention further prevents an Incorrect or circuit
of Fig. 7 includes a doubtful frame synchro-   10  arbitrary addition of
the phase control system to nizing signal mixed with the frame
synchronizing  the velocity control system used In determining the signal,
and ja drop out in the fourth period. In  rotational speed of the disc
since the phase control addition, the reproducing apparatus is operated In
a  system is added to the velocity control system In search mode to access
the beginning of an audio   response to a signal from a supervisory circuit
signal, during which time frame synchronizing sig-  15  which keeps watch
on whether the frame synchro- nal detection signal SFO drops out. The
doubtful  nizing signal Is reliably detected. frame synchronizing signal
does not fall within the   It Is to be further appreciated that the
supervi- width of window pulse PW so that the doubtful     sory circuit
operates immediately when the re- frame synchronizing signal is eliminated,
and gate  producing apparatus is operated in the playback circuit 304
delivers a correctly timed detection sig-  20  mode and also in response to
the state of the nal SFW. During the search mode of operation of
reproduced signal. Accordingly, the speed control the reproducing
apparatus, gate circuit 304 does  system for the reproducing apparatus can
be cor- not generate a detection signal SFW in response to  rectly operated
since the output signal from the output signal SI from supervisory counter
312. As  supervisory circuit is used to control the addition of noted
before, supervisory counter 312 generates   25  the phase control system to
the velocity control output signal SL when three frame synchronizing
system. signals have been omitted. Gate circuit 304 is thus   The present
invention is not limited to a re- opened by output signal SL, as indicated
in Fig.  producing apparatus for a pulse coded modulation 10F. When the
reproducing apparatus is operated   audio disc, but can be applied to any
apparatus. in the normal playback mode, after operation In the   9o  which
reproduces a digital signal recorded in the search mode, gate circuit 304
generates detection  base band and which, upon reproduction, has a signal
SFW which places supervisory counter 312   frame or block synchronizing
signal. into the load mode and clears counter 307. Carry pulse SFC becomes
discontinuous just after the    Claims search mode is terminated, as
illustrated in Fig.  35 1OD, but is correctly synchronized shortly there-
1. A circuit for extracting or regenerating frame after.
synchronizing signals used for reproducing As hereinbefore described, frame
synchroniz-       digital signals separated by said frame syn- ing signal
detecting and compensating circuit 300     chronizing signals, each digital
signal having a produces frame synchronizing signal detection sig-   4o
predetermined frame period comprising: nal SFG even when a drop out in the
digital signal    receiving means (301) for receiving an input occurs.
Frame synchronizing signal detecting and      signal; compensating circuit
300 also produces output sig-    detecting means (302) for detecting the
frame nal SL to indicate whether the frame synchronizing    synchronizing
signals from the input signal so signal has been reliably detected. As
explained   45  as to generate respective detection signals above, output
signal SL determines whether phase      (SFO) in response thereto; control
system 200 is added to velocity control       gating means (304) for
receiving the detection system 100.
signals (SFO) for gating the latter (SFO) in It is to be appreciated that a
frame synchroniz-   response to gating signals (PW); clock means ing signal
detecting and compensating circuit in  so  (308) for generating clock
signals (CP); accord with the present invention does not require    counter
means (307) for counting said clock a memory with a large capacity or the
like.           signals up to a first predetermined number (n) As will be
evident from the discussion herein-     so as to generate interpolation
synchronising before, when an erroneous frame synchronizing
signals; and signal occurs at the same position during consecu-   55
window signal generating means (309-311) in- tive frame periods, such
erroneous signal can be      cluding first detecting means (309) for decod-
removed since the frame synchronizing signal de-     ing the count of said
counter means (307) so tection signal is gated by a gate pulse which is
as to supply gate-open signals when the count    21       EP 0 081 757 B1
22 (err) 



of said counter means (307) is equal to a      7. The circuit of claim 4 or
5, characterized in 9   second predetermined number (n-m) less than
that said digital signal has a plurality of states, the first predetermined
number (n) at a first      and characterized by detector means (313) for
predetermined time after the detection signals     detecting the said
states and for supplying (SF0) to determine a beginning time of each   5
signals to said controller means (316) to vary of window signals
synchronized with the detec-    the first predetermined time in response
there- tion signals (SF0) as the gating signals (PW)      to. to said
gating means (304); characterized in that                          8.  The
circuit of claim 4 or 5, characterized by said counter means (307) counts
the clock   10     error correction means (315) for supplying sig- signals
by the first predetermined number (n)     nals to said controller means
(316) to vary the corresponding to the predetermined frame           first
predetermined time In response to errors periods; and
In said digital signal. said window signal generating means (309- 311)
includes second detecting means (311)  i5  9. A circuit for extracting or
regenerating synchro- for decoding the count of said counter means
nizing signals used for reproducing digital sig- (307) so as to supply
gate-close signals when      nals separated by frame synchronizing signals,
the count of said counter means (307) is equal     each digital signal
having a predetermined to a third predetermined number (m) less than
frame period comprising: the second predetermined number (n-m) at a   20  .
.  detecting means (302) for detecting said second predetermined time after
the detection      frame synchronizing signals and generating re- signals
(SF0) to determine an end time of      -  spective detection signals (SF0)
in response each of the window signals.                        thereto;
gating means (304) receiving said detec- 2. The circuit of claim 1,
characterized in that  25  tion signals (SF0) for gating the latter (SF0)
in said first detecting means (309) supplies the      response to gating
signals (PW); and gate-open signals according to a count cor-
windowing means (305,307-312) incluing responding to one-half of the window
signals       first means (307-311) for supplying first win- and said
second detecting means (311) sup-         dow signals synchronized with
said detection plies the gate-close signals according to a   3o   signals
(SF0) as said gating signals (PW) to count corresponding to one-half of the
pre-        said gating means (304) and second means determined length of
the window signals.           (305,311,312) for supplying second window
signals (SL) being longer than said first window 3. The circuit of claim I
or 2. characterized in      signals as said gating signals (PW) to said
that said window  signal generating means   35     gating means (304) when
a plurality of said (309-311) Includes a flip-flop circuit (31O) of
detection signals (SF0) are not correctly gen- which the set and reset
inputs are connected       erated; characterized in that: to said first
detecting means (309) and second        said second means Includes means
(311) detecting means (311) correspondingly.             for detecting
deviations in phase between said 40     first window signals and said
detection signals 4. The circuit of claim 1 to 3, characterized by       as
gated by said gating means (304) and controller means (316) for supplying
control       counter means (312) for receiving output of signals to said
window  signal generating          said means (311) as clock signals for
sup- means (309-311) for determining to vary the        plying said second
window signals to said gat- first predetermined time.                  45
ing means (304), when a count derived there- from exceeds a predetermined
value. 5. The circuit of claim 1 to 3, characterized by controller means
(316) for supplying control   10. The circuit of claim 9, characterized by
control- signals to said window  signal generating          ler means (316)
and characterized in that said means (309-311) for determining to vary the
50   predetermined value is varied by the output of first predetermined
time in accordance with a      said controller means (316) In accordance
with plurality of reproducing modes of the digital      a plurality of
operating modes. signal. 11. The circuit of claim 9, characterized in that
6. The circuit of claim 4 or 5, characterized in  55   said digital signal
has a plurality of states, and that each of the window signals is
substantially   characterized by RF detector means (313) for centered in
respect to each of the detection       detecting said states of said
digital signal and signals (SFO).
controller means (316) for varying said first 12    23                EP 0
081 757 B1                   24                (err) 



* c   L  M   s* predetermined time in response to said states     cond
nombre preddtermin6 (n - m) inferieur au of said digital signal.
premier nombre pr~ddtermin6 (n) & un premier instant predetermine apres les
signaux de d6- 12. The circuit of claim 9, characterized by control-
tection (SFO) pour determiner un instant de ler means (316) for varying
said predetermined   5  debut de chacun des signaux de fengtre value and
error correction means (315) for       synchronisms avec les signaux de
d~tection supplying signals to said controller means        (SFO) en tant
quo signaux de logique de porte (316) to vary said predetermined value in
re-    (PW) pour ledit moyen de logique de porte sponse to errors in said
digital signal.         (304); 10         caract~ris6 en ce quo: 13. The
circuit of claim 9, characterized by a servo    ledit moyen de compteur
(307) compte les circuit responsive to said second window sig-     signaux
d'horioge au moyen du premier nom- nals supplied by said counter means
(312) for     bre preddtermin6 (n) qui correspond aux p6rio- operating an
apparatus for reproducing the        des de trame pr~dttermlndes ; et said
digital signal at a predetermined speed.  15    ledit moyen de gen6ration
de signal de fenetre (309-311) inclut un second moyen de 14. The circuit of
claim 13, characterized in that   d6tection (311) pour decoder la valeur de
said servo circuit includes operating speed       comptage dudit moyen de
compteur (307) de control means for effecting small changes in      maniere
& appliquer des signaux de fermeture said speed of said apparatus, and
character-  20  de porte lorsque la valeur de comptage dudit ized in that
said second window signals from      moyen de compteur (307) est egale A un
trol- said counter means (312) selectively actuate      sieme nombre
prdd6termin6 (m) inf6rieur au said speed control means.
second nombre pr6ddtermin6 (n - m) & un second instant pr6ddtermin6 apres
les signaux Revendlcatlons                               25      de
d~tection (SFO) pour d~terminer un Instant de fin de chacun des signaux de
fenrtre. 1. Circuit d'extraction ou de r6g~n6ration de si- gnaux de
synchronisation de trame utilisW pour  2. Circuit solon la revendication 1,
caract6ris4 en reproduire des signaux numeriques sdpards         co quo
ledit premier moyen de d~tection (309) par lesdits signaux de
synchronisation de tra-  30  applique les signaux d'ouverture de porte en
me, chaque signal num6rique ayant une p6rio-     fonction d'une valour de
comptage qul corres- de de trame prddktermin~e, comprenant:            pond
h une mooiti: des signaux de fen~tre et un moyen de r6ception (301) pour
recevoir     ledit second moyen de detection (311) appli- un signal
d'entree;             -                 quo les signaux de fermeture de
porte en un moyen de d6tection (302) pour d6tecter  35  fonction d'une
valour de comptage qui corres- les signaux de synchronisation de trame a
pond h une moitie de la longueur predetermi- partir du signal d'entrde de
maniere a gen6rer    nde des signaux de fen8tre. des signaux de detection
respectifs (SF0) en reponse a coux-ci;                            3
Circuit solon la revendication 1 ou 2, caracteri- un moyen de logique de
porte (304) pour  40   s4 en ce que ledit moyen de g~ndration de recevoir
les signaux de d6tection (SF0) afin de   signal de fenetre (309-311) inclut
un circuit de soumettre ces derniers (SFO) & une logique de     bascule
(310) dont les entr6es d'6tablissement porte en r6ponse & des signaux de
logique de      et de remise a l'6tat initial sont connectdes porte (PW);
audit premier moyen de ddtection (309) et un moyen d'horloge (308) pour
gdndrer  45     audit second moyen de detection (311) en des signaux
d'horloge (CP);                       correspondance. un moyen de compteur
(307) pour comp- ter lesdits signaux d'horloge jusqu'b un pre-  4. Circuit
solon la revendication 1  3, caract~ris6 mier nombre pr~d~termin6 (n) de
manibre &         par un moyen de contr8leur (316) pour appli- g~n~rer des
signaux de synchronisation d'in-  50  quer des signaux de commando audit
moyen terpolation ; et                                  de g6ndration de
signal de fen8tre (309-311) un moyen de g~ndration de signal de fo-
pour ddtermination afin de faire varier le pre- n8tre (309-311) incluant un
premier moyen de      mier instant pr6ddtermin6. d~tection (309) pour
d6coder la valeur de comptage dudit moyen de compteur (307) de  s5  5.
Circuit solon la revendication 1 a 3, caract6ris6 manibre & appliquer des
signaux d'ouverture       par un moyen de contrOleur (316) pour appli- de
porte lorsque la valeur de comptage dudit      quer des signaux de commando
audit moyen moyen de compteur (307) est 6gale A un se-        de g~ndration
de signal de fenOtre (309-311) 13    
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II|I III| 1111 l_  pour d6termination afin de faire varier le pre-
netre et lesdits signaux de detection lorsqu'ils mier instant predetermine
en fonction d'une        sont soumnis a la logique de port6 par ledit
pluralite de modes de reproduction du signal       moyen de logique de
porte (304) et un moyen numerique.
de compteur (312) pour recevoir une sortie 5       dudit moyen (311) en
tant quo signaux d'horio- 6  Circuit selon la revendication 4 ou 5.
caracteri-   ge pour appliquer lesdits seconds signaux de s6 en co que
chacun des signaux de fen~tre         fenetre audit moyen de logique de
porte (304) est sensiblement centre par rapport a chacun       lorsqu'une
valeur de comptage qul en est deri- des signaux de detection (SFO).
vde excede une valeur predeterminee. 10 7. Circuit selon la revendication 4
ou 5, caracteri-  10. Circuit selon la revendication 9, caract6rise par se
en ce que ledit signal numerique pr6sente       un moyen de contr8leur
(316) et caracterlse en une pluralit4 d'dtats et caracterisd par un
ce que ladite valeur prediterminde est modi- moyen de d6tecteur (313) pour
detocter lesdits    fide par la sortie dudit moyen de contr8leur 6tats et
pour appliquer des signaux audit  is      (316) en relation avec une
plurallte de modes moyen de contr81eur (316) pour faire varier le     de
fonctionnement. premier instant predetermln6 en reponse a coux-ci.
11 Circuit selon la revendication 9, caracterise en ce que ledit signal
numrrique presente une 8. Circuit selon la revendication 4 ou 5, caracteri-
20  pluralit6 d'6tats, et caract6ris6 par un moyen se par un moyen de
correction d'errour (315)       de detecteur radio-frdquence RF (313) pour
pour appliquer des signaux audit moyen de.         detecter lesdits etats
dudit signal numerique et contr8leur (316) pour faire varier le premier
par un moyen de contr8leur (316) pour faire instant predetermin6 en reponse
a des erreurs      varier ledit premier instant pr6determin6 en dans ledit
signal numdrique.              25.      r6ponse auxdits etats dudit signal
num6rique. 9. Circuit pour extraire ou reg6n6rer des signaux  12. Circuit
selon la revendication 9, caract6ris6 par de synchronisation utilises pour
reproduire des    un moyen de contr8leur (316) pour falre varier signaux
nume6riques separ6s par des signaux        ladite valeur pr6d6termrin6e et
par un moyen de synchronisation de trame, chaque signal  30     de
correction d'erreur (315) pour appliquer des num6rique ayant une periode de
trame prdd6-        signaux audit moyen de contr81eur (316) afin terminee,
comprenant:                              de faire varier ladite valeur
predeterminee en un moyon de detection (302) pour d6tecter.     reponse a
des erreurs dans ledit signal nume- lesdits signaux de synchronisation de
trame et     rique. pour gen6rer des signaux de detection respec-  35 tifs
(SFO) en r6ponse a coux-ci;               13. Circuit selon la
revendication 9. caracterise par un moyen de logique de porte (304) pour
un circuit d'asservissement sensible auxdits Q,   recevoir lesdits signaux
de detection (SFO)         seconds signaux de fenetre appliqu6s par ledit
afin de soumettre ces demiers (SFO) a la           moyen de compteur (312)
pour faire fonction- logique de porte en r6ponse a des signaux de   40  nor
un appareil afin de reproduire ledit signal logique de porte (PW) ; et
numerique selon une vitesse pr6determinee. un moyen de fen8tre (305,
307-312) in- cluant un premier moyen (307-311) pour appli-  14. Circuit
selon la revendication 13, caract6rise quer des premiers signaux de fen~tre
synchro-      en ce que ledit circuit d'asservissoment inclut nises avec
lesdits signaux de d6tection (SFO)  45  un moyen de commando de vitesse de
fonc- en tant que dits signaux de logique de porte       tionnement pour
effectuer de petites modifica- (PW) audit moyen de logique de porte (304)
et     tions de ladite vitesse dudit appareil et carac- un second moyen
(305, 311, 312) pour appli-       terise en ce quo lesdits seconds signaux
de quer des seconds signaux de fenatre (SL) plus      fen~tre qui
proviennent dudit moyen de comp- longs que lesdits premiers signaux de
fen~tre  5o  tour (312) actionnent de maniere selective ledit en tant quo
dits signaux de logique de porte       moyen de commande de vitesse. (PUW)
audit moyen de logique de porte (304) lorsqu'une pluralit6 desdits signaux
de detec-  Patentanspd.iche tion (SFO) no sont pas correctement generes;
caract6ris6 en ce que:                 55  1. Schaltungsanordnung zur
Gewinnung oder Auf- ledit second moyen inclut un moyen (311)
frischung                            von pour detecter des d6viations de
phase ou d6-       Rahmensynchronisationssignalen, die zur Wie- phasage
entre lesdits premiers signaux de fe-      dergabe von durch die
Rahmensynchronisa- 14    27                EP 0 081 757 B1
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tionssignale getrennten digitalen Signalen ver-   die  Torschilefsignale
entsprechend  einem \.~'   wendet werden, wobei jedes digitale Signal
Zahlerstand liefert, der der Halfte der vorbe- eine vorbestimmte
Rahmenzeitdauer hat, um-        stimmten tLnge der Fenstersignale
entspricht. fassend: eine Empfangseinrichtung (301) zum Empfan-   6   &
Schaltungsanordnung nach Anspruch 1 oder 2, gen elnes Eingangssignais:
dadurch gekelnzelchnet, daB die Fenstersi- elne Erkennungseinrichtung (302)
zum Erken-       gnalgenerierungseinrichtung  (309-11)  elne non der
Rahmensynchronisationssignale aus          Flipflop-Schaitung (310)
aufwelst, deren Setz- dern Elngangssignal, um abhAngIg davon ent-       und
R~cksetzeingange mit der ersten Erken- sprechende Erkennungssignale (SFO)
zu gene-  1o   nungseinrichtung (309) bzw. mit der zweiten rieren;
Erkennungseinrichtung (311) verbunden sind. oine Torschaltungseinrichtung
(304) zum Emp- fangen und Ausbienden der Erkennungssignale    4.
Schaltungsanordnung nach Anspruch 1 bis 3, (SFO) abhAngig von Torsignalen
(PW);              ge-kennzeichnet durch elne Steuerelnrichtung eine
Taiteinrichtung (308)-zum Generleren von   16  (316) zum Uefem von
Steuersignalen an die Taktsignalen (CP);
Fenstersignalgenerierungselnrichtung    (309- eine Zahlereinrichtung (307)
zum Zahlen der       311) zur Veranlassung elner Veranderung des
Taktsignale bis zu einer ersten vorbestimmten     ersten vorbestimmten
Zeitpunkts. \..,/;    Anzahl (n), um Interpolationssynchronisatlons-
signale zu generieren; und                20.  5. Schaltungsanordnung nach
Anspruch 1 bis 3, eine    Fenstersignalgenerierungsoinrlchtung
gekennzelchnet durch esne Steuereinrichtung (309-311) mit einer ersten
Erkennungsoinrich-     (316) zum Uefern von Steuersignalen an die tung
(309) zum Dekodieren des Zahlers der
Fenstersignalgenerierungseinrichtung    (309- Zahlereinrichtung (307) um
der Torschaltungs-     311) zum Veranlassung einer Veranderung des
einrichtung (304) Toroffnungssignale zuzuflh-  25  ersten vorbestimmten
Zeitpunkts in Oberein- ren, falls der Zahlerstand der Zahlereinrichtung
stimmung mit mehreren Wiedergabemodi des (307) einer zweiten vorbestimmten
Anzahl (n-      digitalen Signals. m), die gegenlber der ersten
vorbestimmten Anzahl (n) kleiner ist, gleicht zu einem ersten  6.
Schaltungsanordnung nach Anspruch 4 oder 5, vorbestimmten Zeitpunkt nach
den Erken-  30       dadurch gekennzelchnet, daB jodes der Fen-
nungssignalen (SFO) um den Startzeitpunkt         stersignale im
wesentlichen bez~glich jedes jedes mit den Erkennungssignalen (SFO) syn-
der Erkennungssignale (SFO) zentriert ist. chronisierten Fenstersignals als
die Torsignale (PW) zur Torschaltungseinrichtung (304) zu     7.
Schaltungsanordnung nach Anspruch 4 odor 5 bestimmen;
35      dadurch gekennzelchnet, daB das Digitalsi- dadurch gekennzeichnet
-                     gnal mehrere Zustande aufwelst, und gekenn- daR die
Zlhlereinrichtung (307) die Taktsignale   zeichnet durch
Erkennungseinrichtungen (313) bis zu der ersten den vorbestimmten Rahmen-
zum Erkennen der Zustande und zum Uefern zeitdauem entsprechenden
vorbestimmten An-        von Signalen an die Steuereinrichtung (316), zahl
(n) zAhit; und                       40      um den ersten vorbestimmten
Zeitpunkt in Ab- daR die Fenstersignalgenerierungseinrichtung
hangigkelt davon zu verandern. (309-311) eine zweite Erkennungseinrichtung
(311) zum Dekodieren des Zahlers der Z~hler-   &  Schaltungsanordnung nach
Anspruch 4 odor 5, einrichtung (307) aufweist, um Torschliefsigna-
gekennzelchnet durch eine Fohlerkorrektur- le zu liefern, falls der
Zahlerstand der Zahler-  4s  einrichtung (315) zurn Liefern von Signalen an
einrichtung (307) einer dritten vorbestimmten     die Steuereinrichtung
(316). um den ersten Anzahl (m), die kleiner ist als die zweite vorbe-
vorbestimmten Zeitpunkt In Abhangigkeit von stimmte Anzahl (m-n), gleicht
zu einem zwei-       Fehlern In dern digitalen Signal zu verandem. ten
vorbestimmten Zeitpunkt nach den Erken- nungssignalen (SFO), um eonen
Endzeitpunkt  5o  9. Schaltungsanordnung zurn Gewinnen oder Auf- jedes
Fenstersignals zu bestimmen.                 frischen von
Synchronisationssignalen, die zur Wiedergabe von durch Rahmensynchronisa-
2. Schaltungsanordnung nach Anspruch 1, da-           tionssignale
getrennte digitale Signale verwen- durch gekennzelchnet, daB die erste
Erken-        det werden, wobel jedes digitale Signal eine nungseinrichtung
(309) die Tor6ffnungssignale  55  vorbestimmte Rahmenzeitdauer hat, umfas-
entsprechend einern der Halfte der Fenstersi-     send: gnale
entsprechenden Zahlerstand liefert, und     eine Erkennungseinrichtung
(302) zurn Erken- daB die zweite Erkennungseinrichtung (311)        nen der
Rahmensynchronisationssignale und 15    29                EP 0 081 767 Bi
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* C   L  M4  S -    zum Generieren von entsprechenden Erken-
kennzelihnet durch eine auf die zweiten von nungssignalen (SFO) in
AbhdngIgkeit davon;        der Zlhiereinrichtung (312) gelieferten Fen-
esne die Erkennungssignale (SFO) empfangen-       stersignale reaglerende
Servoschaltung zum de Torschaitungseinrichtung (304) zum Aus-
Betreiben einer Vorichtung zur Wiedergabe blenden der Erkennungssignale
(SFO) abhan-   5    des digitalen Signals mit elner vorbestimmten gig von
Torsignalen (PW); und                     Geschwindigkeit.
Fenstereinrichtungen (305, 307-312) mit einer ersten Einrichtung (307-311)
zum Uefern von    14. Schaltungsanordnung nach Anspruch 13, da- ersten mit
den Erkennungssignalen (SFO) syn-      durch gekennzelchnot, daB die
Servoschal- chronisierten Fenstersignalen als Torsignale  10  tung
eine          Betebages- (PW) zur Torschaltungseinrichtung (304) und
chwindigkeltssteuereinrichtung zum  Bewirken mit einer zweiten Einrichtung
(305,311,312)       klelner Geschwindigkeitsver~nderungen in der zum Uefem
von zweiten Fenstersignalen (SL),       Vorrichtung umfalt und daB die
zweiten Fen- die linger sind als die ersten Fenstersignale     stersignale
von der ZAhlereinrichtung (312) se- als Torsignale (PW) an die
Torschaltungsein-  15  lektiv die Geschwindigkeltssteuerelnrichtung
richtung (304), falls mehrere der Erkennungssi-   beeinflussen. gnale (SFO)
nicht fichtig genefiert wurden; -ldadurch gekennzeichnet, daB die zweite
Ein- fichtung eine Einfichtung (311) zum Erkennen von Phasenabweichungen
zwischen den ersten   20 Fenstersignalen und den Erkennungssignalen, wie
sie von der Torschaftungseinrichtung (304) ausgeblendet werden, und sine
Zghlereinrich- tung (312) zum Empfangen des Ausgangssi- gnals der
Einrichtung (311) als Taktsignale auf-  25 weist zum Uefern der zwelten
Fenstersignale an die Torschaltungseinrichtung (304), falls ein davon
abgeleiteter Zahlerstand einen vorbe- stimmten Wert Oberschreitet. 30 10.
Schaltungsanordnung nach Anspruch 9, ge- kennzelchnet durch eine
Steuereinrichtung (316) und dadurch gekennzeichnet, dalB der vorbestimmte
Wert von dem Ausgangssignal der Steuereinrichtung (316) in Obereinstim-  S5
mung mit mehreren Arbeitsmodi verindert wird. 11. Schaltungsanordnung nach
Anspruch 9, da- durch gekennzelchnet, daBl das digitale Si-  40 gnal
mehrere Zustande autweist, und gekenn- zeichnet durch eine
Hochfrequenzerkennungs- einfichtung (313) zum Erkennen des Zustands des
digitalen Signals und durch eine Steuer- einrichtung (316) zum Verandem des
ersten   45 vorbestimmten Zeitpunkts in Abhangigkeit von den Zustanden des
digitalen Signals. 12. Schaltungsanordnung nach Anspruch 9, ge-
kennzelchnet durch eine Steuereinrichtung   50 (316) zum Verindem des
vorbestimmten Wer- tes und durch eine Fehlerkorrektureinfichtung (315) zum
Uiefern von Signalen an die Steuer- einrichtung (316) zum Verandern des
vorbe- stimmten Wertes in Abhingigkeit von Fehlem   55 im digitalen Signal.
13. Schaltungsanordnung nach Anspruch 9, ge-    


