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METHOD OF RECORDI NG AND ;OF REPRCDUCI NG A SI GNAL The present TzarfiPon
relates to a nethod of recording a signal, and a nethod of reproducing a

si gnal . A PCM (pul se-code nodul ati on) acoustic synthesizer circuit has
been put on the market. This circuit reads a digital signal at certain
intervals of time froma ROMor the like in which the digital signal
correspondi ng to anplitude val ues of an atdustic waveform such as audio

speech is stored. Then, the circuit convegﬁi .r:I' it Lgnal into anal og
form and repr ¥E3E0D : FROD U _ eech. :
Today, a DPCM (di f fidiee pirietlentulistrettdeonmdilaatesotjo s gmstthod of
recordi ng/ reproducing nmethad i.s avaid abl e .as t.hod of recordi ng and
repr.oduci ng aﬁegﬁ’gld& gsiagnsa;hg% h %% @V\e“}et%‘l?rﬁeor?oﬁe%zﬁéucﬁ% The

conventi onal B@Mmedt.hod. In particular, whenever an anal og signal is

sanpl ed, the differe 1 - VY] I']];]&gg and
the previously ‘samg?l g@a%hﬂ%%ggto\%l dmg%l%g'%%ﬁbéﬁ. %@%@g&aﬁ ng ev%%%lfi S
stored as a digircaiitsihgsabeion purOorotheh@arket . DY Fieprwducieats
Whenevlerttge Qlt s hltaa! Qlt%lrxldls_arte%‘lizftra.q.'ﬁdtili‘ﬁ:té%ﬁ\]ﬂlé ][st ﬂhrﬁ&a tﬁ_?ﬁ:aﬂnal S
accurul ated w e digital signals read oyt thus far. igital signa
cor r espondi ngRPY &% & #ﬂ&ﬁb*%aﬁi&qg éi%ﬂﬂﬁﬁ%? iTEM%sults in the
currently reagotirgispandingnalo ianpldtudeatvedueEhict eal cdaisti«i gital signal

is converted into_analq orm _Thus, .an_anal.o vef ormj,s obt.ai ned.
It is known tH veﬁﬁ%ggﬁéwafnguggaws%eﬁgldisgisf\% esél)‘gna r§eer§<’ceteI fng the
full -scal e voktiagaiits copylerts divei idgdtallogionadi dinttd aywhay sfarm an

fl : i.5. .di ted d
overtl ow OCCULRy 3@ ﬁloggcre%c%gegsg t&@%&‘é@%ﬁ%"?ﬁf‘%}fré@ |2n déw.giiv)éa €d due

to overl oad noise: e prior art met ho | ow rapl vef orm
vari ati ons be&reseh.

Today, a DPCM (differential pulse-code modulation)

" signal recording/reprbducing\method is available as a
method of recording and reproducing ar analog signal
with a fewer number of bits than the conventional PCM
method. In particular, whenever an analog signal is
sampled, the difference between the presently sampled
amplitude value and the previously sampled amplitude
value is taken. The resulting value is stored as a
digital signal in a ROM or the like. During
reproduction, whenever the digital signal is read from
the ROM, this digital signal is accumulated with the
digital signals read out thus far. A digital signal
corresponding to an amplitude value of a sample which
results in the currently read digital signal is
calculated. This calculated digital signal is
éonverted into analog form. Thus, an analog waveform
is obtained. _

It is known that in the PCM and DPCM methods, if a
signal exceeding the full-scale voltage is applied
during analog-to-digital conversion, an overflow
occurs, and the recorded and reproduced waveform is
distorted due to overload noise. The prior art DPCM
method cannot follow rapid waveform variations becéuse



-2- ‘of limted quaptized bit nunbers. If, in order to avoid this situation
and to record and reproduce an anal og si gnal having a wi de dynam ¢ range,

the full- scale voltage is enlarged and the nunber of quantized bit nunbers
is increased, then the nerit of the DPCM nethod, i.e., capable of recording
and reproduci ng an anal og signal with [imted quantization bit nunbers, is

spoi | ed. Furthernore, if the nunber-%f quantization bits is increased,

t he amount of infqrnation peridj%ital signal is, of course, increased.

Wier e the wav&forldmi&etaquans Bty numReTEy| ud fof AhPTAYT R si gnal
“indicating a divbfier ehde ddeiericn ahdl ad evddrd WikIrdptsdles e vacant,

i.e., assune valﬁe 0. .For eg&@ple whe tgf nunber of qqu%ig?t'on bits is
8 bits, if thB"8r§c &95 AVIRG Eat* ORI G on e s
“00010111", tbealeheolpge tis emlbirgedamnd atentmunbeat of, qudrdteczede use of
the storage capachly,atctle RAMALINE ks CaANGlo G TG,

nt1on seéks to

Accordingly, € present invé provi de nmeans capa%)%Mof

accurately remetbodg dne .repepabdiengfaresexiddgsiagshlrernaduringiate dynani c

range with a padyegdsaeRuAt WaftH NHQHFRYE ShantizatACHP BEtNGhurberd | 18
aspect of the presént invention, there is provided a nmethod of recording a
di gital signafPPd ﬂrsing a series of digital values where a nunber of

successive digital Fugthesmare,’ eEotthed natberi LEIMRuUEMIMESId) Bites fad | owi ng
steps for each_frane: '

the digital varGE§3rRda Fhenanoel pe- iBggde r&&?h%’%?ﬁ@fﬁ%é{?qieémﬁ% eoa
pr edet er mi nedisang€; coursest dncmgacsadh diWhetral thal waveffard rane di vi ded by
the factor K yariat3bas' A%e' MR vaeLA! b3 b Wi Hfaf YidhdT
indicating a difference decreases. As a result, upper
bits become vacant, i.e., assume value 0. For example,
when the number. of quantization bits is 8 bits, if the
digital signal indicative of the difference value is
"00010111", then the upper three bits are vacant. That
is, effective use of the storage capacity of the ROM or
the like cannot be made.

Accordingly, the present invention seeks to
provide means capable of accurately recording and
reproducing an analog signal having a wide dynamic
range with a reduced amount of information. .

According to a first aspect of the present
invention, there is provided a method of recording a
digital signal comprising a series of digital wvalues
where a number of successive digital values arxe
recorded as a frame, comprising the following steps for
each frame:

calculating a factor K by which the magnitude of
the digital values in a frame must be reduced such that
they lie within a predetermined range;

storing each digital value of a frame divided by
the factor K;

storing information relating to the factor K in

memory associated with the frame.
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nenory associated with the frame. . - 3-
According to a second aspect of the present invention, there is provided a

met hod of recording on anal og signal conprising the steps: sanpling an
anal og signal at a given sanpling frequency; converting sanpled form
into a digital formto create a digital §|gnal recording the digital
signal according to the nethod of the invention. According to a third

aspect of the preaﬁggﬁkayﬁ tigng Egeéﬁdlasggeﬁlg%dtﬁe %g Qd@f reproducing

a digital signal rrses a series where a nunber
of successivelnvghtapnvarheseais previded asmgt pdrr@faﬁr@cparﬁ@mmqnon
relating to aaﬁ§§é€ SgghglsEgﬁﬁglgmngeggéysggggc|ated with the frame, the
met'hod conprising tThe each™frane_of r eadi ng out i nformati on
relating to the faE?BPlkﬁg an a§6&€@s§#9§ﬁ} AEadi A QVSHtS?W@ dfgi tal val ues;
mul tiplying tﬁgequghﬁﬁb val ues by the factor K supplying the series
of nmultiplied digital tues as tTe og gut d 8ital.ngnﬁl. Accor di ng
to a fourth aspectcﬁ?v?ﬁ 1ppcsanPLledy EREPoAnPhar 18480 fPERY . et hod of

reproduci ng acreatéogy dighahlfsbdgnalgi gital - signal conprising the steps:
reproduci ng a digi I n h od _a rding to the
i nvention; and £g£°§agﬂg thg aﬁﬁgﬁgg EE?Wai aEQS gﬁggagoaﬁggog out put
si gnal . m@#h@db@ftéheuhuﬁﬁgtaﬂﬂkng of t he present i nvention, and to

show how i t ey bepbigpdihgl Bb0actheed abpbeteseeht! bragunke made, by way

of exanple, to the acconpanyi ng draw ngs whj ch:
P 1nventfbn he%e gs prov1gea a method of reproducing a

digital signal which comprises a series of digital

- values, where a number of successive digital values are
recorded as a frame and information relating to a
facfor K is stored in memory associated with the frame,
the method comprising the steps for each frame of:

reading out information relating to the factor X;

successively reading out the digital values;

multiplying the digital values by the factor K;

~supplying the series of multiplied digital values
as the 6utput digital signal.

According to'a fourth aspect of the present
invention, there is provided a method of reproducing an
analog'signal from a digital signal comprising the
steps: '

reproducing a digital signal in accordance with
the method according to the invention; and

éonverting output digital signal to an analog
output signal. _

For a better understanding of the present
invention, and to show how it may be brought into
effect, reference will now be made, by way of example,
to the accompanying drawings, in which:

Figure 1 is a block diagram of an embodiment of
the present invention.

Figures 2, 3 are circuit diagrams showing a



Figure 1 is a block diagramof an enbodi nent of the present invention.
Figures 2, 3 are circuit diagranms show ng a

-4- sectional configuration of the enbodi nent shown in Figure 1. :

" Figures 4, 5 are flowharts showi ng a operation-of the enbodi nent shown in

Figure 1. Figures 6, 7 and 8 are waveform charts show ng the operation
of the enbodi nent shown in Figure 1. - “4-Figures 9a - 9d are bl ock '
- diagrams showi ng further empodi ments of the present invention, Fi gure
10 is a ci rcAsSdRphf WRE R RF dhe %@%‘F‘&’g’ﬂ?%?i% OB tRe enbodi nent

shown in Fi gwienfiee 1. Figure 11 is a timng chart show ng an operation
of the enbodi nent I’Fs.hown i n Fisgure 9@: £ e%nbv%ji gent of tgﬂg _reﬁent
invention is descri Bt $ext, Iﬁﬁ%r °lwcfk§a% DI DK d‘i’%g?a%’%ﬁ% ?.‘B Phe
structure of tiHee emimstimergxasiphven ¥ gurgiten shows a configuration for

| mpl ementing a si g 'éeescoef,d"{‘gaﬁl?té‘%&fwé%ef tfr‘sc‘?ﬂérééagﬂ&ﬁinﬁggﬂée I'b

shows a configurati; or 1 nplenenting a signal-reproduci ng net of the
present enbodRerRtiam off dite embodiggante oWiunR dfiqure hn anal og si gnal

source produci ng a3 ARAHD ST I -2 RO IV fagtdifs 28RORInG| BRAtnepUr ce 1
may be conposed of, a m crophqne and an anplifier. An acousti.c wave or
si gnal pi cke(?"g’ﬁédf‘% rﬁfgr (ﬁ?’?sles?"ttjs’g:g’eéktlé?f‘anal og signal . A
| owpass filter ciFigpide 24 ild e cintuithahiagempatenringfat secabehay si gnal
Pe o A A o VLS SR G950 Sl e (han he
anpl i tude val ues dtigure dialicy ssitgmiing e dHowing han | epepassofhi | ter
circuit 2 at of ¢4ld UnbATEANEHIRAUBLARE oc. |
' An embodiment of the present invention is
described next. Figure 1 is a block diagram showing
the structﬁre of the present example. Figure 1la shows
a configuration for implementing a signal-recording
method of the present example. Figure 1lb shows a
confiéuration for'implementing a signal-reproducing
method of the present embodiment. In Figure 1la,
reference numeral 1 is an analog signal source
producing an analog signal. For example, the analég
signal source 1 may be composed of a microphoﬂe and an
amplifier. An acoustic wave or signal picked up by the
microphone is used as an analog signal.
A low-pass filter circuit 2 filters out those’
components of the analog signal seht from the analog
signal source which have frequencies higher than the
recordable frequency band. :
A sample-and-hold circuit 3 samples amplitude
values of the anmalog signal produced from the low-pass
filter circuit 2 at a certain sampling frequency and

produces an output signal.



prodUCés an out put signal. - 5-
An A/ D converter circuit 4 converts the anplitude values sanpled by the
sanpl e-and-hold circuit 3 into digital formto thereby produce a first

digital signal -as an output signal. In this enbodinentthe first digital
signal consists of 6 bits. However, the.present invention is not limted
to this schene. A buffer circuit 57receives the first digital signal

produced fromthe A/D converter circuit 4 and tenporarily stores a
plurality of frames of the digital siginal. Each frane consists of a
“certain nunber of sanples. |In this enbodinent, each frane consists of 128
sanpl es. Each frame forns a certain storage region. The first digital
sighal d stored in the buffer circuit 5 is successively read out at given
intervals of time fromthe first frane. A differential circuit 6

- successively recgl W% Rl circuit 4 converts the amplitude values
sampled by the sample-and-hold circuit 3 into digital form to
- thereby produce a first digital signal as an oﬁtput signal.
In this embodiment,the first digital signal consists of 6 bits.
Howe&er, the present invention is not limited to this scheme.

A buffer circuit 5 receiveé the first digital signai
produced from thg A/D converter circuit 4 and temporarily
stores a plurality of fr.ames of the digital signal. Fach frame
consists of a certain number of samples. In this embmﬁmmﬁ,
eaph frame consists of 128 samples. Each frame forms a
certain storage region. The first digital signal d stored in.
the buffer circuit 5 is successively xread out at given
intervals of time from tﬁe first frame.

A differential circuit 6 successiveiy receives the firs£
digital signal read from the buffer ,circuit 5; takes fhe
difference between amplitude value signals d’ corresponding
to the presently read first digital signal d and the
previously read first digital signal, respéctively,' and
produces the difference as a second digital signal A.

| A signal-compressing circuit 7 reéeiveé the second
digital signal Aldelivered from the differential circuit,
converts the second digital signal value into a third digitél

signal corresponding to 1/K (K is an integer equal to or



digital signal read, fromthe buffer circuit 5 takes the difference

bet ween anplitude value signals d corresponding to the presently read
first digital signal d and the previously read first digital signal

respectively, and produces the difference as a second digital signal

[err].

A signal -conpressing circwd- 7 receives the second digital

signal A delivered fromthe differential circuit, converts the second
digital signal value into a third digital signal corresponding to 1/K (K
is an integer equal to or

greater t

an‘out put
shifted t
third di

signal values. More spec

h&Pe&téﬂdtﬁgﬁ%faﬁ& %%e@lffé&' &'sfé‘rt'tin&déﬁ 39 édteéfc%&dof

the second™digital signal val

and duces t he

FA 982k y of rtﬁé“s%cf‘dﬂa)@ﬂ E‘i’%tal sl asecand et gisrdd p'.saom%eg $he

owar d omer bits by S [érr]) Dbits to Obtain the

Ital signal

-as

gtk 8kd . 8ignshl Q;L?ﬁaur a.sspaﬁdbﬁh&ﬁ& Yizht1] ofnt BRisesmbeliet al

the second digital signal is shifted toward lower bits by S
(K = 2°) bits t§ obtain -the third digital signal C
corresponding to 1/2% of the second digital signal valﬁes.
More specifically, the signal-compressing circuit 7 shifts
the second digital signal toward lower bits in responsé to
the shift value S produced from the .séttiné .Fircuit
(described later). In this embodiment, S consists of.2 bits
(i.e., § = 0-3), bﬁt the present invention is not limited to
this structure. Three lower bits are delivered_as the third
digital signal. Let ﬁs assume that the second digital signal
is "001101" and that the  shift value is "2". In this
case, ;Oll" is produced as the third digital signal.

A signél—demodulating circuit 8 receives the third
digital signal and shifts it towaxd upper bits by the shift
value  S. In this way, the third digital signal is
demodulated into a digital signal héving the séme number of
bits as the“second digital signal. The resulting signal is
produced as a fourth digital signal A’. Assuming that the
third digital signal is "011" and that the shift value S  is
*2", "001100" is delivered as fhe fourth digital signal.

A delay circuit 9 receives the fourth digital signal

delivered from the signal~demodulating circuit 8 and delivers

ically, the signal-conpressing circuit 7 shifts



the second digital .signal toward lower bits in response to the shift

val ue S produced fromthe setting circuit (described later). 1In this
enbodi ment, S consists of 2 bits (i.e., S = 0-3), but the present
invention is not limted to this structure. Three |lower bits are delivered
as the third. digital signal. Let us assune that the second digi-tal signa
s "001101" and that the shift value ~/7 is "2". In this case, "011" is
produced as the third digital signal. A signal -denodul ating circuit 8
receives the third digital signal and shifts it toward upper bits by the

shift VaLH@%rfo§tth hﬁg&%ﬁg g%énafrWEEﬁnédd%?g§i?%§ﬁgg : 5ﬁe g%g? Hfated

into a digi srgnal Vi n same ‘nunber e sec i gital
signal . Theg; | | o I c | g F ;
Lerr]’ | Acurk ndqlitns %ice, AR Foal kp0kl Sp B e i S 1
value S isg_ "2", "001100" is delivered as the fourth digital signal.

A delay circuit 9 receives the fourth digital signal. delivered fromthe
si gnal - denpdul ath ngr-cinield toB8 kb vied i1\ehEcumulates the fourth digital
-7- .
signal successively delivered from the delay circuit 9 after
certain frames of the buffer circuit 5 are started to be read

out. Thus, the aforementioned amplitude signal is obtained

and supplied to the differential circuit 6.

The setting éircuit, indicated by 11, controls writing
and reéding of signals to and from the buffer circuit 5.
Furthermore, the setting circuit 11 receives the second and
third digital signals and sets the aforementioned amount of
shift 'S, as K, to such a value that it is common to every
third digital signai obtained from eﬂjlfirst digital signal
stored in the same frame of the,buffer_circuit 5, and that
values of the third digital signél lié in a certain rxrange..
In this embodiment,the range is :epfesentéd in terms of 3 bits,
i.e., from "111i" to *“000". This shift value S is supplied
to the siqnal—combressing circuit 7, the signa14demodﬁ1atin§
circuitl8; and shift amount storage regions
_in a memory (descfibed below ). Each individual storage
region is used for each one frame.
The memory 12, comprises a compressed

signal storage‘region 12a for recording the third digital



the fourth digital ;signal with a delay equal to one period wth which the
digital "signal is read fromthe buffer circuit - 5. An accunulator circuit
10 accunul ates the fourth digital signal successively delivered fromthe

delay circuit 9 after certain franes of the buffer circuit 5 are started

to be read out. Thus, the aforenentloned anplitude signal is obtained and
supplied to the differential circuit 678~ The setting circuit,

i ndicated by 11, controls witing and reading of signals to and fromthe

buffer circuit 5. Furthernore, the setting circuit 11 receives t he second

and third_di tlal ﬁég?ﬁ ? aa?dnge,t sfégeeafaq_rle@ég rd d| gllga?f Vasimft S,

as K, to SUCH a va common to every S| gna

obtal ned EoBY8AEN fdhbn dagh! Ao 9RBbrashey of 5&&&1}%] S2B; LL IR0l

buffer circurt val ues o Sl gna in a

certain V%W%%% véfhéh's engo@dﬁﬂﬁééﬁ Faage | S FRPHEREMSHoLD 1o MeHY 3
bits, i.e ro "111" to "000". This shift value Sis supplled to

the .si gnal ceﬁﬁﬁeee&angssgﬁsml tstordde Hefidn damduledid Ngachi I Exdhe 8,isand

shift apount Sstorage regions_ in a nmenory (described below ). Each

individual psk@tagfed in an address located immediately after the shift
amount storage region 12b for each frame such that these two
‘kinds of storage regions alternate with each other. The
compressed signal storage region 12a'fer the frames has
addresses numbered from 0.to 127. First, a digital.signal
indieating the shift value S for one frame is written.
Then, values of tﬁe third digital signal for the same ffame
are successively written.

Referring to Fig. 1D, aﬁ address eounter cireuit 13
receives certain synchronizing pulses f, e.g., pulses having
the same frequency as the seﬁpling frequency, and reads the
shift-value' : § and the third digital signal stored in the
memory 12 successively. This memory 12 eonsists of a ROM in
which the same digital sighal as stored in the memory
indicated by the same reference number in Fig. la.is stored.

A selecting circuit 14 selects digital signals
indicating the shift value S from the signals
successively read from the memory 12, and produces the
selected signals as an outpﬁt signal.

A signal-demodulating circuit 15 is similar in structure

to the signal-demodulating circuit 8. This circuit 15



region is used for seach-one frane. The nenory 12,

conprises a conpressed signal storage region 12a for recording the third
si gnal whenever a new frane arrives and a shift val ue

di gi tal

storage region 12b for recording a signal indicating the shift value

for each frane. In the nmenory 12, theg_conpressed signal storage region
12a for each frane is positioned in andddress |ocated i mediately after

the shift

anount storage region 12b for each frane such that these two

ki nds of storage regions alternate with each other. The conpressed

si gnal st

A BN &8 Iprrd N L 0P 10801 20085 28 UABCREHOEOTYO O

127. First, a
frame is wy teRponsthed thal Hegiehit BeghBir dndiighatdlves iddnahef aholine 82me

si gnal cating the shift val ue S

frame are successively witten. Referring to Fig. 1b, an address
counter cighgyitt Sl¥hat is produced from the selecting circuit 14. The

demodulated signal is delivered as a fifth digitél signal
cofresponding to the differences between sampled amplitude
values.

An adder circuit 16 adds the fifth digital signal
produced from the signal-demodulating ‘circuit 15. to. the

contents of a latch circuit. (described below) and supplies

the sum to the latch circuit. The latch circuit, indicated .

by 17, latches-thg output from the adder circuit 16 whenever
it receives the synchronizing pulse f, and delivers the

latched signal'as an output signal. The latch circuit 17

delivers a , digital signal having a value obtained by

accumulating the fifth digital signal'corrésponding to the
differences between the sampled'amplitude values.. This
digital signal corresponds to the amplitude values.

A D/A converter circuit 18 converts the digital signal
corresponding to amplitude valueé produced from the latch

circuit 17 into analog form, thus reproducing the analog

"signal waveform.

The circuit configurations and operation of the signai—

_compreSSing circuit 7 and of the signal-demodulating circuits

8 and 15 are next described in detail by referring to the

circuit diagrams of Figs. 2 and 3. First, the circuit

one

S



receives certain synchronizing pulses f, e.g., pulses having the sane
frequency as the sanpling frequency, and reads the shift value S and
the third digital signal stored in the nmenory 12 successively. This nmenory
12 consists of a ROMin which the sane digital signal as stored in the

menory indicated by the sane reference Bunber in Fig. la is stored. A
selecting circuit 14 selects digitéF “signals indicating the shift
val ue S from the signals successively read fromthe nmenory 12,
and produces the selected signal sas an output signal. A

si gnal -denndul ating, circuit 13ﬂé;sinika _in structure to
. TR

si gnal - derfothtt B¥1h “tPPcut &7C THY 88W9rf§sang Sfrédfe 7 is
 pons TR "Ll o, bl B 0L TS PR TETROY R g0

BLPCced, SALEy ! SeLLRSSLECUA! shima WA A0S PREL shune

bet ween saiplath 4 iiU@Splied. A decoder output corresponding to the

| shift Qalue S is produced from its output terminals out0-

out3. For example, if-the decoder receives digital signal

wpye indicating that the amount of shift is 3, then the

output signal appearing at the output terminal out3 is 1.

The output.signals apéearing at the other output terminals

are 0Os. Each of gates EO-E2 have four terminals. These

gates have output terminals e0-e2, respectiﬁely, which in

tu&n-correspond to three lower bits, respectively, of the

third digital signal. Indicated by Ni,§ (i = 0-2, j = 0-3)

are gates. The gates NO,j—NZ,j’are connected with the inputs

of the gates E0-E2, respectively. The outpﬁt terminals outj.

of the decoder 21 are connected to respective one input.

terminals of the gates Ni,j. The second digital signal is

. supplied to input terminals d0-d5. The input terminal do0

corresponds to the -LSB, while the input texminal 45

. corresponds to the MSB. The input'terminal d0 is connected

to the other inpuf.terminal of gate NO,0. The input terminal

dl is connected with the other input terminals of gates NO,1

and N1,0. The input terminal d2 is conﬁécted to the other

input terminals of gates NO,2, N1,1, and N2,0. The input

terminal d3 is connected to the other input terminals of



val ues. ‘ An adder circuit 16 adds the fifth digital signal produced
fromthe signal -denpbdul ating circuit 15 to the contents of a latch circuit
(descri bed below) and supplies the sunto the latch circuit. The latch
circuit, indicated by 17, latches-the output fromthe adder circuit 16
whenever it receives the synchronizing Q#Lse f, and delivers the |atched

signal as an output signal. The latch ciTcuit 17 delivers a digital

si gnal having a value obtained by accunulating the fifth digital signal
corresponding to the differences between the sanpled anplitude val ues.

This digitahagkegnako P! r eapoNdsaha the, 2Pl i tHEe MBbWeS terminad DAA ;s
converter circuit 18 converts the digital signal corresponding to

anpl i tude vakuasepteduarsl théncitherd alrpdut cteemihalé g ogabes omif,@r mnd hus
reproduci ng the anal og signal waveform The circuit configurations
and oper ati oN2R.t heTlse ghaput demriessi b ciscwidnneared ofithethe other
signal -denodul ating circuits 8 and 15 are next described in detail by
referring toippat gprmippldpigeae ¥2.Pi-gs. 2 and 3. - First, the circuit

The signal-compressing circuit 7 constructed as
described thus far operates in the.manner described now; For
example, if the second digital signal is ".001101“, then bl",
"Q", "1+, "1+, fO", | and "0" are applied to the input
terminals d0-dS, respectively. If the amount of shift is
"2", then *“0" and "1" are applied to the input terminals s0
and sl, respectively, of the decoder 21. The output terminal

OUT2 goes to 1; This enables the gate Ni,é. The states of the
“input terminals d2-d4 are produced to the output terminals
e0-e2. In this way, "i", “i", and "0" are broduced to the
output terminals e0-e2, respectiveiy. The third digital

' signal assumes value "Q11". |

The circuit configurations of the signal—demodulating
circuits 8 and 15 are described now. In Fig. 3, there are
‘shown gates N‘0,0, N‘1,0, N‘1,1, N‘2,0, N‘2,1, N‘2,2, N’3,1,
N‘3,2, N'3,3, N‘4,2, N'4,3, and N‘5,3. A decoder 31 is
similar in construction and operati9n to the decoder 21. The
decoder 31 has output terminals OUTp (p = 0 to 3) connected
with respective one input terminals of gates N‘o,p (o = 0 to
5). Input terminals e‘q (g = 0 to 2) receive the thirxd

digital signal. The input terminal e’0 corresponds to the



-10- - configuration of the signal-conpressing circuit 7 is

described. In Fig.'2, a decoder 21 has ternminals sO and s1 to which a
2-bit digital signal corresponding to the anount of shift Sis applied. A
decoder output corresponding to the shift val ue Sis produced fromits

output termnals outO out3. For exanple, if the decoder receives digital
signal "11" indicating that the anount-®2-shift is 3, then the output
signal appearing at the output terminal out3 is 1. The output signals
appearing at the other output termnal's are Os. Each of gates EO E2 have
four term nals. These  gates have output termnals eO e2, respectively,

which in thiB coRit8pshe doPM SeTHRAL bP{ 3, CPESFERANAS (EO HSBhe ThRI rd
digital signal. Indicated by Ni,j (i =0-2, j.=.0-3) are gates.,  The gates
NG 1B, | a R EeT B At B Ehd'd Aectsd  Fithartl dOmt FESBiERLvORy.
one i nput SIS oedtee g AT RLatat SRRGRT AN sl ke REBuE "
Suppt Led 4Rl f ST AL SR 0 ThEch NBHE 1550E"EEAHOna T bECERRATS ! O
the gates N’1,0, N’2,1, N‘3,2, and N‘4,3. The input terminal
e’2 is connected with one input terminal of each of the gates
'N‘2,0, N’3,1, N’4,2,.and N‘5,3. The gates N’0,0 and N’5,3
are connected with outpu£ terminals d’0 and d’s5,
respectively. The output terminals of the gates N’1l,p-N’4,p
are connected with_the input terminals of the gates E‘1-E‘4,
respectively. The output terminals of the gates E'l—E}4 are
connected with the output terminals d’1l-d’‘4, respectivelf.
The féurtﬁ digital signal appears af these 6utput terminals
d’0-d’'5. The output terminal 4’0 corresponds to the LSB,
wheieaé the output terminal d’S corresponds to the MSB.

The signal-demodulating circuits 8 and 15 constructed in
this way operate in the mahner described now.. If the third
digitallsignal_is “011", then-"l", "1*, and_ "0" are applied.
to the input terminals e'O-e’2,-respectively. If: the amount
of shift is 2, thén ;0"'and "1" are applied to the input'
terminals S0 and Si, respectively, of the decoder 31. The
output terminal OUT2 assumes a value of 1, while the others
take a value of 0. The gates No,2 (o= 2 to 4) are enabled.

The states of the input terminals e’0O-e’2 are delivered to

the output terminals d’2-d’4, respectively. As a result,



corresponds to the MSB. & The input terminal dO is connected to the other
input terminal of gate NO O The input terminal dl is connected with the
other input termnals of gates NO1 and N1,0. The input termnal d2 is
connected to the other input termnals of gates NO 2, N1,1, and N2,0. The
input termnal d3 is connected to the other input term nals of

gates NO 3, N1,2, and N2, 1. The in‘ﬁ&?‘term’ nal d4 is connected to
the other input termnals of gates N1,3 and -N2,2. The input term nal
d5 is connected with the other i nput term nal of gate N2, 3.

The signal -conpressing circuit 7 constructed as descri bed thus far
operates i N9t he" Fannet " deskl i bed" n@Wld Fdt" are mfi@d fromdhe eafput
digital signal ;is_" 001101" then "1", - "Q" "1, and "0"
are appl i etHeFBiPALS| Hp@t'd : CESRSTRIY Y s, T}P%SEEHFF%WQR@Q SHE@dount

of shift |§ssumes value '.Oo(hoaond 1" are applied to the.input termnals sO

The operation of the present embodiment is described by
referring to the block diagram of Fig. 1; the flowchar?s of
Fi'gs. 4 and S, and the waveform diagrams of Figs. 6 and 7.
A, A, C, and A’ in Fig. 6 and C’, A", and g in Fig. 7
indicate output waveforms appéaring at the teminalé shown in
Fig. 1. Digital signa-ls produced from the terminals A, C,
A’, C’, and A" are shown £o correspond fo analog values for
the sake of convenience.

_An operation for recording a .signa-l in the present
example is first described by referring to the flowchart of
Fig. 4. The analog sigﬁal source 1 produces a. waveform as
-shown in Fig. 6(A). This waveform is sent to the sample—and—.
hold circuit 3 wvia the ldw-—pass filter circuit 2. The
sample-and-hold circuit 3 sémples the amplitude value of the
incoming waveform at a given sampling frequency. In Fig.
G(A),'ri, n+1l, ..., m,m+=1, show sampling points. The
ampiitude value produced from the sample-and-hold circuit 3

. is converted into-a dj.gital signal by the A/D cohverter
circuit 4 and sent tp_the buffer ciréuit 5. The buffer
circuit 5 stores plural frames of the digital signal such
that 128 samples of the digital signal are taken as one

frame.



and s1,

decoder

respectively, of the decoder 21. The output terminal QUT2 goes to

1. This enables the gate Ni,2. The states of the I nput termnals d2-d4
are produced to the output termnals eO-e2. In this way, "1", "1", and
"0" are produced to the output termnals eO e2, respectively. The
third digital si gnal assunes val ue "011". The circuit
configurations of the signal-denodul atingg- circuits 8 and 15 are
described now In Fig. 3, there are shown gates N 0,0, N 1,0, N 1,1,
N20 .N21, N2,2, N31, N3 2 N33 N42 N4,3 and N5, 3. A

31 | imilar i t to the d |

The " decoder TAShasthat ptsbr HEHAL SIS L R n%’fof&oﬁﬁscgé Behalli
t ot | N

et 2 e 0P ek LG N (B Sk, 8, LR

t er m nal

LS8! whi 1 SRS bt CDT RRAAF o} 5Vb, FESESAR TP IR 1Ren the memory

12 for the first frame. The digital signal stored in the
buffer circuit 5 is successively read out from the head of
the first frame in synchronism with_synchronizing pulses of
a desired frequency (step b0) and sént to the differential
circuit 6. Fof example, the frequency of the-pulses is the
same as the sampling frequency. The differential circuit 6
takes the difference between thelcurrently received digital
signal dn.(where.n indicates that it corresponds to sampling

poiﬁt n) and an amplitude value signal d’n-1 correspondiné to

nput
12-

the previously received amplitude value and produces the

obtained sécond digital signal A as. an output signal (step
c0). The amplitude value signal d’n-1 does not exist for the

first. digital signal and so this digital signal is produced

as the second digital signal A as it is. This second digital

signal A is sent to the setting circuit 11, and a decision. is

made as to whether this value lies within a certain range.

In this-embodiment, a decision is made as to whether the anplitce

of the second digital signal A is lessthen (3 + S) bits (step
do). In particular, when the second -digital signal A is
converted into the third digital signal C, a decision is made
as to whether the aniihﬂeisleﬁimay3'bits. - If the value of

the second digital signal'is within this range, the second



input terminal e 0.is connected with one input terminal of  each of the
gates N 0,0, N1,1, N 2,2, and N 3,3. The input termnal e 1 is connected
with one input termnal of each of the gates N 1,0, N 2,1, N 3,2, and

N 4,3. The input termnal e'2 is connectted with one input termnal of
each of the gates N 2,0, N3,1, N4,2, and N5,,3. The gates N 0,0 and

N 5,3 are connected wth output tedRinals d' 0 and d'>5,
respectively. The output termnals of the gates N 1,p-N4,p are connected
with the input termnals of the gates E'l E 4 respectively " The output

a1 ”a: " G gbEEr Vet e TR PotPACA G PR L S S =
T LSB,

twﬁé?‘eg‘;‘ y h%g'aﬁt BRIPE; A & o r”%é;?% afed, S R ASG0 s
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t he manner descri NOW. t he glt S|gna

"1", and "Qg é‘éﬁﬁi‘@@%b@dbyt% R dPWs ter fknal 55 ¢’ Qng' sroaﬁéeactalsveémé 1
the amount of shift is then "0" and "1" are applied to the input

termnals 1§Qlﬁadd§élta§89f§ﬁaye¢ﬂ %@cte;s hep pleced@ic a3 kehel ottt RIE shared nal

QUT2 assunes a value of 1, whil e others take a value of 0. The gates
No,2 (0 = 25t @ News g ematzlsedpro&heeat atesiof ishe i nputs tﬂﬁﬂi:dilakﬁgﬁ.t@le 2
are delivered to .

signal Cn is stored in the compressed signal ‘storage region
l12a of the memory 12. The third digital signél.cu is also
sent to the siénal—deﬁodulating circuit 8, where the signal
is shifted tbward upper bits according to the amouht-of shift
S. That is, the signal is expanded by a factor of X, and .
converted into the fourth digital signal A’ (step £0). 1In
other woxrds, the signal is .demodulated into a value
corresponding to the second digital signal A. The fouxrth
digital signal A’ is sent to the delay circuit 9, where the
signal is delayed by one period of the aforementioned
synchronizing pulses. Then, the delayed signal is produ;ed'
to the accumulator circuit 10. Thé accumulatoxr circuit 10
acdumulatively' adds the fourth digital signhal A’ to the
previously obtained value d’'n-1 to obtain the amplitude value
signal d’n corresponding to the present amplituae value (step
g0). That is, the differences between the successive-samples
are accumulated to obtain the original amplitudé values. The

amplitude value signal d’n delivered from the accumulator

. circuit 10 is sent to the differential circuit 6.



the output termnals d' 2-d'4, respectively. As a result,

- 13- “o", "o, "1, "1", "0", and "0" are produced fromthe output
termnals d 0-d' 5, respectively. The fourth digital signal assunes val ue
"001100". The operation of the present enbodinment is described by
.referring to the block diagram of Fig. Jgthe flowharts of Figs. 4 and
5, and the waveformdiagrans of Figs. 6 and 7. - A A C, and [err]' in
Fig. 6 and C, [err]", and g in Fig. 7 i ndi cat e out put wavef or s
appearing at the termnals shown jn Fig. 1. Digital signals pr oduced

fromthe berm g aCaeci8iih 1eCnactdd € Lindtjfes oy 4 GROTLRERGNI 10

anal og val ues for Yhé Saké s convenlence ration

S0 e B AL eyt Sl SRR Ussbyge g s 10
as shown {RuEi azb(fe cémwnﬁ@aef(%@ﬁ SiGENt thd NeesaMpies®Ndrigital
signal dn+l is read from the buffer circuit 5. The
differential circuit 6 takes the difference between this
value and the amplitude value signal d’'n corresponding to the
amplitude wvalue at sampling point n delivered from the
accumulétor circuit 10 to create.the second digital signal A
(step c0). Thereafter, a deeisioﬁ is made as to whether the
value of the next second digitallsignal A lies within the
range of (3 + S) bits (step dO), ‘That is, in step e0, the
signal-compressing circuit 7 shifts the signal towerd lower
bits in response to the amount of shift S, and the signal is
converted into the third digital signal Cn+l of three bits.
At this time, a decisioh is made as to whether an overflow
occurs. .If_the difference betweeﬁ'the.amplitude values at
sampling point n + 1 1is approximately 10" iﬁ decimal
notation es shown in Fig. 6(A), then'the corresponding value
of the second digital value is "001010". Therefore, the
result of the decision is that the Qalue does not lie in the
certain range piovided that the amount of shift is 0. In
this case, a decision is made as to whether the amount of
'shift. S exceeds the maiimunl value (step 3j0). In this

example, a decision is made as to whether the amount of shift

S is greater than 3. That is, in the present example, since



hold circuit 3 wvia the |lowpass filter circuit 2. The sanpl e-and-hol d
circuit 3 sanples the anplitude val ue of the incom ng waveformat a given
sanpling frequency. In Fig. 6(A, n, n+1, ..., m m+ 1 ... show
sanpling points. The anplitude value produced fromthe sanpl e-and-hol d
circuit 3 is converted into a dlgltal S|gnal by the A/D converter circuit
4 and sent to the buffer circuit yuffer circuit 5 stores plura
frames of the digital signal such that 128 sanples of the digital signal-
are taken as one frane. -14-
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the first hramhd FSHIHIOf §8eYsibnSYBCRNAR ZHW HHOSRE BF shift s is
not greater than 2, then the amount of shift produced by the
setting circuit 11 is reset to S + 1 (step k0). -

The amount of shift reset in this ﬁay is sent to the
shift amount storage region 12b of the memory 12, where the

~ previous vaiue is overwritten and updated. If the amount of
shift -S is updated, the digital signal is again read out from
the head of each frame. The operations of éteps b-k are
fepeatedly carried out for every digital signal about one
frame. Whenever the amount o6f shift is updated, the third
digital signai obtained at this time overwrites the previous
value stored in the compressed signal storaée region 12a,
whereby the value is updated.

In this way, if none of the third digitél signals within
one frame cause an oveiflow, and if.ﬁhe amount of shift S is
set to a value not greater than 3, then this amount of shift
S is established as an amount of shift common to this frame.
If reitherof these two requirements is satisfied within one

. frame (i.e.,.the condition imposed by the step do anq the
condition imposed by the step jO)} then priority is given to
the latter condition imposed by the étep jo. That is, the
amount of shift S is set according to the méximum value of

the third digital signal A within one frame. Even if any



- a desired frequency (step bO and sent to the differential <circuit 6. For
éxanpl e, the frequency of the pulses-is the sane as the sanpling
frequency. The differential circuit 6 takes the difference between the
currently received digital signal dn (where n indicates that it
corresponds to sanpling poi-nt n) and an anplitude value signal d' n-1
corresponding to the previously received anplitude val ue and produces the
obt ai ned second digital signal [err] as an output signal (step cO. The
anpl i tude value signal d' n-1 does not exist for the first digital signa

and so thi g di gl talgsignal;is i oiuceds; a3 Lhe SPReopfodi gitdl lanal ber ]

as it is. I"S"seco 1" gi signa sent to e sefting circuit 11

and a deci %irﬁ’}sﬂ S sgaﬂgﬁgs 4 0 GEhEss LA Soyalyg | iﬁg%w (it 2 LB B

range. In thisenbodiment, a decision is nmade as to whether "the ap [ tlde
of the secopgd-j:gidflwStgnghi axﬁoﬁﬁ@fsofhléﬁiﬁf;% 8.5) bits (step d0). In

particular,; when the second digital signal Ais converted into thg'third
digital signal Gf aglecafbORti 8fMBAGF1AS (onthehi heb e FMdd Ubfahe 18SS

than 3 bits. If the value of the second digital signal is within this

range, thede@eifined in this way, the setting circuit 11 reads out the
next frame (step i0). Then, a decision is made as to whether
this frame is the end of all data stored in the buffer
circuit 5 (stép m0). If not so, reading of the digital
signal from the head of the frame is started. The operations
of steps b-m aré repeated. ‘The amoun# of shift ‘is
established for each frame and stored in the shift amount
storage regioh 12b. The third digital signal obtained with
this amount of shift is stored in the compressed Qignai
storage region 12a. If the result of decision made in step
m is that the frame-is the énd of all daté, then this series
of operations is ended. Thus, the oéeration for rgcording a
signal in the present embodiment is ended. |

As a result of the operations described above, the

second digital signal A indicated by A in Fig. 5 is obtained
from the analog signal as shown in Fig. 6(A) at evexry’
sampling point. The second digital signal A is compressed by
a factor of X (K = 1/2?) in response to the amount of shift
S set for each frame. Fox example, the amount of shift is
set to 2 for sampling points n ton + 1 and to 0 for sampling

points m tom + 1. As a result, the signal is converted into



+-15- . -digital signal Ais shifted toward | ower bits by the signal-

tonpressing circuit 7 in response to the shift |evel. S delivered from
the setting circuit 11. That is, the signal is conpressed by a factor of
K (K= 2[err]) and produced as the third digital signal Cn (step eO.
Since the amobunt of shift is O here, it is produced as it is. This third

digital signal Cnis stored in the conpt2ssed signal storage region 12a
of the menory 12. The 'third digital signal Cn is also sent to the

si gnal -denodul ating circuit 8, where the signal is shifted toward upper
bits accordj a t he, ann of shif S. . That.is..the_.sl.gnal i anded
by a fact o(rjdhorz?q 1itii,ntzi&]ncfl‘{ﬁ‘%lo#na{\;itar K 'allh%té) %%esq%%?tjhﬁdlrb faF?g?gnth%eﬁ(' 2l '

(step 10). aidiedl Wlgdf @5 ol Uo3lanah i:ﬁeflgrgfrﬁﬁ95{3%2gt%§89h@r\/§%§.5|ﬁt the

correspondi ng to the “second digital signa urth
signal [eridnodrsc S$Ntsh et NS f6)a¥alhl g¥hfne?. Where the signal is del ayed

by one period of the aforementioned synchronizing pulses. Then, the
del ayed signal iss paedes@@edt otkhhe Feaumuliat ofhéi ignddent®d. ekBapaecumihat or

circuit 10 accunulatively adds the fourth digi'tal signal [err]' to the

previ ousl y wabietiorad ofilate dhatdgtoighadi 6ft baeafplanieidonsisieing of 128
samples can be expressed by the amount of shift S and by the
thi£d digital signal corresponding to the 128 samples, i.e.,'
2 + (3 x 128) bits. Inlnormal DPCM method, the numbef of
‘quantized bits is 5 bits and so the amount of information
necessary to express the same analog signal corresponding to
128 samples is_S X i28 bits. Therefore, in the present
example, an analog signal having a wide dynamic range can be
recorded with less information. As indicated by
A in Fig. 6, the values of the second digital signal A at the
saﬁpling points from m tom + 1 are not greater than 3 bits.
At this time, as shown in Fig. 6(C), the amount of shift is
set to 0. The secbﬁd digital signal A is taken as the third
digital signal C without modiffing the value of the second
digital value. In this way, when the second digital value A
is small, i.e., when a value cofresponding to the difference .
between the amplitude values at successive sampling points is
small, the amount of shift S is set to a small value. Hence,
a truncatibn error produced when the second digital signal A

is compressed by a factor of K and converted into the third

digital signal C can be suppréssed. -fqr example, if the



signal d' n corresponding to the present anplitude value (step ¢g0). That
is, the differences between the successive sanples are accunulated to
obtain the original anplitude values. - The anplitude value signal d'n
delivered fromthe accunmulator <circuit 10 is sent to the differenti al
circuit 6. - 16- Then, a decision is
made as to whether it is the end of a+2@&ne (step hO). If it IS not so, -
t he operations described thus far are continued (step i0).  The next first
digital signal dn+l is read from the buffer circuit 5. The

Al 11 ade s GhaPealh o i F HOPEPRE b (065 Pni e By ¢
Sampl| 19, DO led SELL ELEOR LA R, SERUIVISAL S Lscilé’%%ﬁt%f%%gggdas
{0 et het gy s Plud DUk REEENd iy, Sl gnal A TTes w thin the
. signal -conpr essigig GRS fudeSPhiks E_E‘Snﬁ'lgﬁal 1O h 1 VBT by accumulating
the fqurth_digital signal &’ i.e. the third digital signal
expanded by a factor qf K, up to the immediately preqeding
sampling point. The difference between this amplitude value
signal d’ and the present first digital éignal is used as the
second digital signal A. Therefore, the value truncated when
Ehe second digital signal A is compréssed'by a factor of X
and éonverted_intO-the third digital signal C is contained in
the second digital signal A.and canceled out when the second
digital signal A 1is obtained. -Consequently, duriﬁg
reproduction described later, errors due'tp truncated.values
are prevented from being accumulated. We now take the
waveform_indicated by the solid line a0 in Fig. 8a as an
example. The differences.between the successive amplitude
values at sampling points 0-7 are indicated by the solid iine
b0 in Fig. 8b. It is assumed that the difference value
incfeases by 1 at every next sampling point. At waveform a0,
a simple difference between the amplitude wvalue at one
sampling point and the'amplitude value at ‘the .immediately
previous sampling point is taken. The lowermost 1 -bit
(corresponding to.values incapable of being divided by 2 )

of the resulting difference signal is truncated, so that the



bits in response to,the anbunt of shift S, and the signal is converted
into the third digital signal Cn+l of three bits. ‘At this tine, a decision
is made as to whether an overflow occurs. |[If the difference between the
anplitude values at sanpling point n + 1 is approximately "10" in
decinmal notation as shown in Fig. 6(A),,then the correspondi ng val ue of
the second digital value is "001010". % erefore, the result of the
decision is that the value does not lie in the certain range provided that
t he amount of shift is 0. In this case, a decision is made as to whet her

t he anmount %%%ﬁléfi fi S exgeed s%‘ge\ﬁ%?iﬁgj@ﬁﬁﬁl‘ﬁe 5(st Epﬂlo)rfl}is I Q«a&}“ S,

exanpl e, a stori 1s made as € anount of 'shi SIs ‘greater

than 3. ThalyhSresfedine sgnt j&xa i gbgce ] ducti
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of shift |sgiAeiéR6LY v1ddlr bhelostlfded SpynheBbigding! ftHd1echaprbssel
decision is that the amobunt of shift Sis
signal by a factor of 2 is accumulated. In this manner, a
waveform as indicated by the broken line al is derived.
waever; trﬁncation exrrors produced duriﬁg compression are
accumulated at the same time. Foxr this reason, the deviation
of ﬁhe waveform al from the original waveform éO gradually
increases. On the otﬁer hand, the fourth digital signal
obtained by expanding the third digital signal which is
obtained from phe waveform indicated by the solid line a0
assumes the form indicated. by the dot-and-dash line b2 in
Fig. 8b. A waveform pbtaihed by accumulating this signal
takes the form indicated by the.dot-and-dash line a2. In
cénsequence, the deviation of the waveform a2 from the
original waveform a0 is suppressed. |
_ An operation for reproducihg a signal in the present
embodiment is described now by referring to the flowchart of
Fig.IS. As described above, the memory 12-shown in Fig. 1b
has the shift vélue storage region 12b for a certain frame
and the'compressed signal storage region 12a, the.regions 12a
and 12b having alternating addresses. - Values of the third
digital signals obtained from the certain frame are
successively stored in the compressed signal storége region

12a. The values of the amount of shift S and the values of



not greater than 2,, then the ambunt of shift produced by the setting

Circuit 11

this way is sent to the

where the
shift Sis

each frane.

IS reset to S+ 1 (step kO). The anopunt of shift reset

previous value is overwitten and updated. If the anount of

updated, the digital signal is again read out from the head of
The operations of steps b=%?are repeatedly carried out for

every digital signal about one frame. Wenever the amount of shift is
updated, the third digital signal obt ai ned at this time overwites the

previ ous

tored,Jn. d t 12a
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digital signal Awthin one frane. Even if any

which is obtained by sampling an analog signal so as to
convert it into digital-form and storing the signal in the
buffer circuit 5 is directly used as the initial value d0.
First, the selecting circuit 14 aﬁd the.latch circuit 17
are reset. The address counter circuit 13 receives
synchronizing pulses f of a desired frequency (elg., equal to
the sampling frequency) and.starts reading f;om the memory 12
in synchronism with the leading edge of any one of the
pulses. First, the initigl value dO0 is read out (step al)
and sent to the signal-demodulating circuit 15. This
demodulating circuit 15 which is informed that the amount of
shift is 0 5y the selecting.circuit 14 sends the initial
value d0 to the adder circuit 16 without:_modiffing' the
initial value. The adder circuit 16 produces the sum of the

initial value d0 and the output from the latch circuit and

"sends the sum to the latch cifcuit 17. The latch circuit 16

latches the initial value d0 in response to the trailing edge

of any one of the synchronizing pulses.

Then, a signal following the initial value d0 is read

from the memory 12 (step bl). In this example, the shift

shift anount storage region 12b of the nenory 12,
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-18- " third digital signal [err] causing an overflow wi th anmount of
Shift assum ng a value of 3 exists, then conpressionis perfornmed with
this amount of shift 3. I f the anpunt of shift S common to the first
frame is determned in this way, the setting circuit .11 reads out the
next frame (step i0). Then, a decision is nmade as to whether "this frame

is the end of all data stored in the buf43f circuit 5 (step MO . " If not
so, reading of the digital signal fromthe head of the franme is started.
The operations of steps b-m are repeated. The anount of shift is

bl i shed f f d.st ' h hi f |
T2b. The t A RS (1 o gRaR TOCAtn SR, A5 ERPE Shbuni TBe SHEREL KS& orea
in‘th ' I 1 ' N deci si
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of operatigns isanded. e}lﬁ‘&ox{ he RIS L UndGEHF NG SigRh9ndl Lfethe
present embodi'ment s ended.
amount of shift S or the third digital signal (step cl). If
the signal is the 'shift value . S, this value. is held and
produced to the signal-demodulating circuit 15' so as to
modify the amount of shift S (step d1). In this embodiment, the
shift value for the first frame is 2 as mentioned
previously. If this | value | is delivered from the memory 12,
this value is held and sent ‘to the signal-demodulating
circuit 15. In this way, the demodulating circuit 15
produces a signal which is obtained by ei;panding the incoming
third digital signal by a factor of K (K = 25 = 22 = 4), i.e.,
shifting the signal toward upper bits by 2 bits.
Subsequently to the shift value - 'S,. the third digital
signal C'n at thé head of the frame is read out. .In this
embodiment, the . shift value is not mo'dified- (step cl). ‘i‘he
signal is not at .the end of the data stored in the memory 12
(step el). The signal—demodula-ting circuit 15 receiving. ﬁhe
third -digital signal C’n shifts it toward upper bits in
response to the S};ift vaiue s (2 in this err_lbodiment.) and
" converts the signal into the fifth digital signal- A"
corresponding to the .difference between sampled amplitude
values (step f1). This fifth digital signal A" is déliverec}

to the adder circuit 16, whexre the fifth digitél signal is



As a‘result of the operations described above, the second digital signal
Aindicated by [err] in Fig. 6 is obtained fromthe anal og signal as shown
in Fig. 6(A) at every sanpling point. The second digital signal [err] is
conpressed by a factor of K (K = 1/2[err]) in response to the amount of
shift S set for each frane. For exanple,, the anbunt of shift i's set to 2
for sanpling points nton + 1 and to(T%%ﬁ sanpling points mto m+ 1. As
a result, the signal is converted into :

-19- the third digital signal C as shown in Fig. 6(C). The third digital
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nmet hod, the nunber’ of =~ quantized bits is 5 bits and so the anpunt of
[nformatiolgignal in response to the leading edge of the synchronizing
.pulse f applied to it immediately thereafter and produces the
$ignal as the digital signal d"n. The next third digital
signal C'n+l is read.from the memory 12 and cbnverted into
-the fifth digital signal A" in response to the .shift |
value (= 2) by the signal—demédulating circuit 15, in the
same-way as the foregoing. This fifth digital signal is.
added to the output from the latch circuit 17 by thé adderx
circuit 16. The output signal from the adder circuit 16 is
sent to the latch circuit 17. The latch circuit 17 latches
'the signal and produces it as the digital signal d"n+1.
.The. operations of the steps bl-gl are repeatedly
effected to successively read the third digital signal C’
about the first frame as indicated by C’ in Fig. 7. These
valueé are shifted in response to the ;hift value (= 2)..
In this way, the,thiid digital signal is converted into the
fifth digital signal A" corresponding to the différences
. bétween the successive amplitude vaiges as indicated by A" in
Fig. 7; These values of the fifth digital Signal A" are
accumulated-by the addex circuit'ls and by the latch circﬁit
17. Thus, the fifth digital signal is converted into a

digital signal corresponding to the amplitude values at



necessary to express the sanme anal og signal corresponding to 128 sanples

is 5 x 128 bits. Therefore, in the present exanple, an anal og signal
having a wi de dynam ¢ range can be recorded with |ess

information. As indicated by [err] in Fig. 6, the values of the second
digital signal A at the sanpling points frommto m+ 1 are not greater

than 3 bits. At this time, as shown im%4y. 6(C, the amount of shift is

set to O.
C wi t hout

The second digital signal Ais taken as the third digital signal

nodi fyi ng the value of the second digital value. In this way,

when the second digital value A is snmall, i.e., when a valuye corresponding
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repeatedly carried out. The following frames are read out.

Each time the amount of shift S stored in the head of a frame.

is read out, the amount of shift stored in the selecting
.circuit 14 is updated in response to the amount of shift read

out. For example, with respect to the second frame fm, the

amount of shift is updated to 0. In this case, the amount of

shift is 0 and so each third digital signal is produced as

each fifth.digital signal without being modified. The values

of the fifth digital signal are accumulated in the latch .

circuit 17 and sudcessively' delivered. As a result, a
digital signai corresponding to the amplifude value at each
sampling point is obtained.

In this way, the frames are read out_ successively.
During this operation, the digital.signal produced from the

latchlcircuit 17 is converted into analog form by the D/A

' converter circuit 18 to reproduce the analog signal as

indicated.by the solid line g in Fig. 7. The original analog

~signal is indicated by the broken line.

As described above, in the presentembodiment, amplitude
values of an analog waveform are sampled. A given number of
samples are treated as one frame. The difference wvalue

between successive samples is sampled for each frame. The

unt of. sgift Sis set to a small value. Hence,
econd digital signal A is conpressed

a



second digital signal is conpressed by a factor of 4, two |lower bits are
truncated: This nmakes it possible to record an analog signal wth great
accuracy. The anplitude value signal d' is obtained by accunul ating
the fourth digital signal [err]' i.e. the third digital signal expanded by
a factor of K, up to the imediately preceding sanpling point. The

di fference between this anplitude val ue26signal d and the present first
digital signal is used as the second digital signal A Therefore, the

val ue truncated when the second digital signal A is conpressed by a factor

of K and copverted into the fhird digital signal I S Qontalne t he

second di g?li“a sY%ﬁ’é? [err] and %Qiﬂﬁ%r?ecf%uto er#ﬁaﬁ‘ée seton§st %d'lltsahe‘;]

signal A btain ently in t|o .descr,i bed
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val ue at one sanpling point and the anplitude value at the imediately
previ ous sgighhly chaisilsting akPra ledfenhivermeF bitdi than the second
digital signal. This .shift value S is so established
that when the. difference values are sr.nall,' the shift
value is reduced_ to suppress errors produced during
compression. . When the difference values are large, the
‘amount of shift is increased so that a large dynamic range is
obtained. Therefore, it is possible to .cope with great
s:.gnal variations w1thout neglecting small varlatlons in the
analog signal. Since the shift value . 8 common to one
frame is established, it is not necessary to record each
individual shift value . 8 together with the third digital
signal when this third digital signal is recorded. The
signal can be recorded with a small amount of information.
In this way, in the present embodiment, an anaiog.signal having
a wide dynalﬁie range can be accurately recorded and
reproduced with a small amount of information.
In the above embodiment., values of the digital signal
indicating the amount of shift S-about one frame and all the
values of the third digital signal for the same frame ere

alternately stored in the memory 12. The present invention



(corresponding to val ues incapable of being divided by 2 ) of the
resulting difference signal is truncated, so that the

-21- signal is conpressed by a factor 2. In this way, a
conpressed signal is obtained. During reproduction, di fference
val ue bl obtained by expandi ng the conpressed signal by a factor of 2 is
accunul ated. In this manner, a mavefdﬁﬁkhs i ndi cated by the broken line
al is derived. However, truncation errors produced during conpression are
accunul ated at the same tinme. For this reason, the deviation of the
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I ndi cated by the dot-and-dash line a2. In

respectively. The two kinds of information may be read out
separately by their respective réading means. In a further
modified example, during récording of a signal, the twé kinds
of information are dnce stéréd in separate buffers. After
the anaiog signal is fully xrecorded, a digital signal
indicating the .shift value 'S'about one frame and the
whole third digital signal for the .same frame may be
alternately stored in one memory. In a still other mbdified
example, values of a digital signal indicating the shift
value § ére'stored_at regularly spaced memory locations.
During-reading, tﬁe-signal is not stored in the selecting
circuit 14'at'regular intervals of time. A digital signal
indicating changes in the amount of shift S is created in_
résponse to the frames haﬁing different shift valuesi._ S.
A digitél signal in&icating.the shift value . S is stored
at addresses located imﬁediately'after the.addresses at which
the digital signal is stored in the meﬁory. Whenever the
digital signal indicating the shift valué . 8 is read out,
this digital signal is stored in the selecting circuit 14.

| It is to be noted that the present invention is not
‘limited to the above embodiment. For example, a signal can be

-reproduced by a structure shown in Fig. 9(A). This comprises



consequence, the deviation of the waveforma2 fromthe original waveform
a0 is suppressed. - An operation for reproducing a signal in the
present enbodi ment is described now by referring to the flowhart of Fig.
5. As described above, the nenory 12 shown in Fig. Ib has the shift val ue
storage region 12b for a certain frane Jﬁﬂd t he conpressed signal storage

region 12a, the regions 12a and 12b havithg al ternati ng addresses. Val ues

of the third digital signals obtained fromthe certain frame are
successively stored in the conpressed signal storage region 12a. The
val ues of the anount of shift and the val ues of
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In addition, the structure has a D/A converter circuit 9a4
receiving the fifth digital signal froﬁ “the signal-
demodulating circuit 9a3 and an integrating " circuit 9a5
receiving the output from the D/A converter circuit 9a4. 1In
the above. example, values of the fourth digital éignal i
corresponding to the difference between successive amplitude
values are summed up. A digital signal corresponding to 'Ehe
amplitude values is producéd and converted into analog form.
In the preset embodiment,the fifth digital signal corxresponding
t-o the differences between successive amplitude values is
converted into an analog signal, ‘which ié in turn integrated
by the integrating circuit 9as. in this way, the original
analog signa_l is reproduced. Thisembodimentyields advantages
similar té the advantages obtained by the above embodiment..

A signal can also be reproduced by a structure as shbwn

in Fig. 9(B). This structure has a compressed signal storage
‘region 9bl and a shift amount storage regibﬂ 9b2 which are
similar in structure to their counterparts of the above
.emb'odiment. In addition, the structure has a D/A converter
circuit 9b3 for converting the third digi'tal signal read from
the compressed signal storage region 8bl, a referénce voltage

change circuit 9b4 for modifying the reference voltage of the



convert it into digital formand storing the signal in the buffer circuit
5 is directly used as the initial value doO. First, the selecting
circuit 14 and the latch circuit 17 are reset. The address counter
circuit 13 receives synchronizing pulses f of a desired frequency (e.g.,
equal to the sanpling frequency) and starts reading fromthe nenory 12 in
synchronismw th the'|l eadi ng edge of anyﬁ%ne of the pulses. First, the
initial -value dO is read out (step al) and sent to the

si gnal -denodul ating circuit 15. This denodulating circuit 15 which is

i nf or med h t_ shift,i h ' d
he. i niti alb AP G0EED ABS Rl ATIEIE Wi ERodT Srodt Lot hE ~°0
“inittial valye & h |
10 and t o TSy SRV e, e Tl f g FRion Red {LAME H0 ! °
circuit 174 faaé&:.h E E'd':.tt 165 | 9&8@?&1 E;E £ALt !cﬁlt%x?tl[ ug 8 1¢hd e?gﬁnse '

to the traﬁ] edge any one of "the synchroni zing SEs.
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bl). In this exanple, the shif

signal is converted into analog form, the reference voltage

of the D/A converﬁer circuit is wvaried according to the-
amount of shift. As a result, an output signal which would
normally be obtained when a shift is made is created. An
analog signal cofresponding to the differences between the

successive amplitude values produced from the D/A converter
circuit is integrated by the integrating ‘circuit 9b5. In

consequence, the original analog signal is reproduced. lThis

structure also yields advantages similar to the advaqtages

obtained by the above embodiment .

Aléo, it is possible to reproduce a signal by a

structure as shown in Fig. 9(C). This example has a

.éoxr;pressed signal storage region 9cl and a shift Value'_

-storage region 9c¢c2 which are similar to their counterpafts of

the above embodiment. In addition, the structure has a D/A
converter circuit 9c3 for conv;rting the third digital signal

read from the compressed signa; storage region 9&1 into

analog form, a counter circuit 9c¢5 for counting clock pulses

produced from a pulse signal-generating circuit 9c4 up to a’
value corresponding to the shift value delivered from the

shift value storage region 9c2, a switching circuit 9c6 for



-23-- value S for the initial frane is read out. The signal read from
the menory 12 is also furnished to the selecting circuit 14, where a
decision is made as to .whether the signal is the anount of shift S or the

third digital signal (step cl). If the signal is the shift val ue S,
this value is held and produced to th% si gnal -denodul ating circuit 15 so
as to nodi fy the anount of shift S (st p dl1). In this enbodi nentthe
shift value for the first frane is 2 as nentioned: previously. |If
this value is delivered fromthe nennry 12, this value 1is held and sent
to the signal denDduIathg CIrCUIt n,this way t he denDduIatlng
circuit t ‘?gﬂ’éFPRﬁl Ffofns R a?ﬁ%dcﬁﬁvgfﬁﬁrﬁlcrﬂgr?%t € ng
thi'rd digi
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(step el). The signal nodulating circuit 15 receliving t
signal C ny3hi fitfe | SwiQWREAGURRS i S9kB.  As shown in Fig. 10, the

counter circuit 9c5 comprises a .counter portion 51 for
receiving clock pulses osc produced from the pulse;generating
circuit 9c¢4 as shown in Fig. 11 and for producing pulses &,,
@2,-and ®; having different pulse widths, a decoder portion
52 for decoding the amount of shift produced from the shift
amount storage region 9c¢c2, and a selecting portion 53 for
selectively delivering the pulses &,, &,, and &; produced from
the counter portion 51 éccording_to'the output from the
decgder.portion 52. In this case, the third digital signal
is converted into an analog sighal. The time for which this
analog signél is sent to the MKgnﬁng circuit 9c¢7 is
controlled by the switching circuit 9c6. In this way, a
weightinq corresponding to the shift value - js given to the
analog’ value produced 'to the integrating circuit 9c7. This
embodiment also produces advantages similar to the advantages
obtained by the aboveéﬁwo&nwnt.

Furthermore, it is possible to reproduce a signal by a‘
structure shown in Fig. 9(D). Thisembodimenthas a compressed
signal storage region 9dl1 and a shift value storage region

9d2 which are similar in structure to their counterparfs of



response to the shift val ue S (2 in this enbodinent) and converts
the signal into the fifth digital signal [err]" corresponding to
the di fference between sanpled anplitude values (step f1). This fifth
digital signal A" is delivered to the adder circuit 16, where the fifth
digital signal. - 24- added to the

contents (dO |n thIS exanpl e) of the latidir circuit 17. The resul ting
signal is sent to the latch circuit 17 (step gl). The latch circuit 17

| atches the signal in response to the | eading edge of the synchronizing
n signal _as

| f l.ied to i di ately_ther t d th
Fﬁesgl gi ?gp }ﬁegﬂ]agvlﬁc??hg‘rﬁ*ﬂg ﬁeif[nt %r‘fcgiﬁféﬁ{ al%hIQr ; ug‘?‘ﬁ@eﬂ&?a‘lss 3 eB8% rom
th 12 d t the fifth, di |
o B e e

0 the SamRmhasd Ned ool Ntz M S dddih o ghbd! ﬂegaa' £kém agflgd to

the out put CIrCUI e adde
compressed signal storage reglon 9dl1, a gate 9d4 which is

enabled according to the amount of shift read from the shift
amount storage region 9d2 and transmits the output from the
PWM circuit 9d3, and an integrating  circuit 9d5 receiving the
output from the gate 9d4. 1In this.case, the ‘third digital
-signal is modified into a pulse having a pulse width
cdrresponding to the value of the third digital eignal. lA
weightinq corresponding to -the shift value is given by the
gate 9d4. Then, the'signél.is integrated by the .integrating .
circuit 9&5._ In this way, the original signal is reproduced.
This embodiment also. produces .advantages similar to the
advantages obtained by the aboveembodiments . |

The second digital signal corresponds to the differences
between successive amplitude values at_succeseive sampling
éoints. Furthermofe,.an analog signal may be sampled and
held and then converted into a digital value. This digital
value may be delayed by one sampllng period. The.difference
between this delayed value and the value obtained by
currently convertlng the analog signal into dlgltal form may
also be used as the second digital signal. Moreover, an
analog signal may be sampled and held and then delayed by one

sampling period. The difference between this delayed value



circult 16. The output signal fromthe adder circuit 16 is sent to the
'atch circuit 17. The latch circuit 17 latches the signal and produces it
as the digital signal d"n+1. The operations of the steps bl-gl are
repeatedly effected to successively read the third digital signal C
about the first frane as indicated by C in Fig. 7. These -values are
shifted in response to the shift value —32~ (=2). In this way, the
third digital signal is converted into the fifth digital signal [err]"
corresponding to the differences between the successive anplitude val ues
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above- are 1p these cases, the second digital signal is stored in a
buffer or the likg. Also, in these cases, a ffame is
provided for every certain number of samples. An amount of
shift is_established for each frame. The signallis converted
into the third digital signal in response to the amount of
shift. | -
The method of compfessing the second.digitai signal by
a factor of K is not.limited to the method of shifting the
.bits by.means of the signal-compressing circuit 7. The
division may also be perfdrmed by the use of a division
circuit (not shown) instead of the signal—compressing:c;rcuit
7. Similarly, in order to expand the thiid digital éignal by
a factor of K, a multiplication circuit (not'shown) may be

used to perform the multiplication instead of the signal-

demodulating circuit 8 or 15.

According to the present invention, a signal
having a wide dynamic range can be recorded and reproduced at

high accuracy with a small amount of information.



repeatedly carried out. The following franmes are read out. Each tinme the
amount of shift S stored in the head of a frame is read out, the anount of
shift stored in the selecting circuit 14 is updated in response to the
anount of shift read out. For exanple, with respect to the second frane
fm the anount of shift is updated to Q33.IN this case, the anmount of
shift is 0 and so each third digital signal is produced as each fifth

di gi tal signalspwiridgout being nodified. The values of the fifth digital
signal are accunulated in the latch circuit 17 and successively delivered.
As a result, a dilgita® Sefhad & reseedingg & digidahptignade val ue at
each sanplingop@rileing @blsairied of digitall Rialusdy wHdie f4 AR & f ead

UL SHoCeRS] Vel el 8 S 08RO L el P anl pr oduced from
circuit 185t ocoepridice the Fiedlleyisigystlepss foamdiat dikdmethe solid line g
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frahme\].c The gh@@ﬁﬁ@c%ﬂ:@;‘iﬁea %%\gg%@ﬁqﬁggsya\fﬁe%arrpl es.is sanpled for
each trame. © storing each digital value of a frame divided by |
10 the factor K;
- storing information relating to the factor K in
memory associated with the frame.
' 2, A method of recording a digital signal as
claimed in claim 1 whereéein the method includes the
15 initial step of successively deriving a difference
value representing the difference between the amplitude
of a digital value and the amplitude of the preceding
digital value, whereupon the difference digital value
is used as the digital value in the succeeding steps of
20 the method of claim 1. . - -
C 3. A method of recording a digital signal as
claimed in claim 2, wherein the amplitude of the
preceding digital value is obtained by multiplying the
preceding stored difference value by the factor K so as
25 to create a further digital value, and accumulating
these further digital values.

4. A method of recording a digital signal as
claimed in claim 3 wherein K = 2° and the multipliéation
of the difference value is achieved by the insertion. of

30 S least significant bits.

5. A method of recording a signal as claimed in
any preceding claim, wherein K = 2° and the division of
the digital value by tﬁe factor K is achieved by '
removing the least significant S bits of the digital

35 wvalue. ' .
' 6. A method of recording an analog signal

*« C L M s x



.-26- ° shift value S coommon to one frame is established according
to these difference values, or the second digital signal. The second
digital signal is shifted toward lower bits in response to the shift' val ue
As a result, the second digital signal is conpressed into the third
digital signal consisting of a |less nugggg of bits than the second

digital signal. This shift value IS so established that when the

di fference Va&HﬁSr@é?né”@hE SEggﬁngft -value is reduced to suppress errors

produced dur en the difference values are large, the
amount of shlft |ssampleageansanaﬂaag gigaadeatypagiivemasgaplsindbt ai ned.
Ther ef ore, |tff§qggﬁéyble to cope with great signal variations wthout
negl ecting small variations in the analog ghal. Si.nce the shift val ue
S common to one f?ﬁﬂﬁeFElBQtﬁbﬁl§ﬁ@Hle¢taP§198tfﬁ%Ebé@&Py¢ﬁﬁlﬁé@ord each

i ndi vi dual 5 shv&1usal Ue cr§at@9§t Hﬁglﬁhlhsibﬁalhbbﬁp&u@h&l@l a Yediadls when
this third dlgf 31g§£§f Lo aeé?cor ed. The
recording the digital signal according to the
method of any preceding claim.
7. A method of reproducing a digital signal

10 which comprises a series of digital values, where a
number of successive digital values are recorded as a
frame and information relating to a factor K is stored
in memory associated with the frame, the méthod
comprising the steps for each frame of:

15 reading out information relating to the factor K;
successively reading out the digital values;
multiplying the digital wvalues by the factor K;
supplying the series of multiplied digital values

) as the output digital signal.

20 8. A method of reproducing a digital signal as
claimed in claim 7 wherein the multiplied digital
values are successively accumulated to form the output
digital signal.

9. A method of reproducing a digital signal as

25 claimed in claim 7 or 8 wherein K = 2° and the
multiplication of the digital values by the factor K is
achieved by the insertion of S least significant bits
in the digital value.’

10. A method of reproducing an analog signal from

30 a digital signal comprising the steps:
reproducing a digital signal in accordance with

one of claims 7, 8 or 9; and
convertlng output dlgltal 51gnal to an analog
output signal.

35 11. A method of recording a digital or analog

 signal substantially as herein described with reference

MO0



signal can be recorded with a small amobunt of information. |In this way, in
t he present enbodi nent, an anal og-signal having a w de dynam c range can
be accurately recorded and reproduced with a small anount of infornation.
In the above enbodi nent, values of the digital signal indicating the
amount of shift S about one frame and aL% the values of the third digital
signal for the sane frane are alternately stored in the nenory 12. The

present inventjo , i S not
limited to th%é %%t%east Pg §é§uge préV|de3 f o théééstmo ki nds of
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Is fully recorded a dlgltal si gnal
sampllng.an analog signal at a given sampling
frequency, converting the sampled signal into digital
form to create first digital signals, and storing the
10 first digital signal in a given storage region whenever
a given number of samples are produced;
_ succesgively reading the first digital signals
from said storage region, taking a difference between
an amplitude signal corresponding to the presently read -
15 first digital signal and an amplitude.signal
corresponding to the previously read first digital
signal, and producing the difference as a second
digital signal; .
converting the second digital signal into a third
20 digital signal which is 1/K (K = 1, 2, ...) of the
- second dlgltal signal;
setting said K to such a 'value that it is common
to every third digital 'signal obtained from the first
digital signals stored in said certain storage region
25 and that values of the third digital signal lie in a
certain range; and _
storing said third aigital signals and data
representative of'Said'values of said K.
14. A method of reproducing a signal, comprising
30 the steps of:
reading out the third digital signal stored by the
method of claim 1 and the data representative of said K.
and multiplying the third digital signal by K to "
) . convert the third digital signal into a fifth digital
35 signal; and
‘ successively accumulating said fifth digital
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i ndi cating the shift value S about one frame and the whole third
digital signal for the same frane nmay be alternately stored in one nmenory.
In a still other nodified exanple, values of a digital signal indicating
the shift value S are stored at regularly spaced menory |ocations. During
reading, the signal is not stored in the,gelecting circuit 14 at regul ar
intervals of tinme. A digital signal |na|cating changes in the anount of

shift Sis crgg%ggllgr reg&ggﬁg %%g%q%ﬁlft valu%gf%%dgféﬂg(¥%féH”ft val ues

S. Adigital nal I's store
addr esses | océ@gataﬂqréagaﬁél jLn&pr an ehelegdfesseans pradurinch&hs git al

S'Qna|_'5 Stoé@@uhﬁlhﬂ%dﬂ% 1 a@h%BEE%hleeoqu&kt@1§Héﬂﬁﬂ |nd|cat|ng
the shift value . S is read. out this gital nal, 1s stored jn the

selecting circuit 2. & metPPd|§ft6€S€rH&PSJrFR£P U sk & 3 hvention i s
not limted bamphﬁsahgvehenbgép@eaf For exanple, a signal can be

oR oduced by a stpugt ﬂ%gsgg% 5 Q120D ac T 3iSUP e ing
frequency, converting the sampled signal into digital
form so as to create first digital signals and storing
the first digital signals in a given storage region

10 whenever a given number of samples are produced;

successively reading the first digital signal from
said storage regién, taking a difference between an
amplitude signal corresponding to the presently read
first digital signal and an amplitude signal

- 15 corresponding to the previously read first digital

signal, and producing the difference as a second
digital output signal; |

converting the second digital signal into a third
digital signal which corresponds to 1/K (K =1, 2, ...)

20 of the second digital signal;

setting said K to such a value that it is common
to every third digital signal obtained from the first
digital signal stored in said certain storage region
and that values of the thlrd dlgltal s1gnal lie in a

25 certain range;

storing said third digital signals and data
representative of said values of the K;

reading out the third digital signals and the data
representative of values of éaid'K;

30 multiplying the third digital signal by K to
convert the third digital signal into a fifth dlgltal
signal; and

successively accumulating said fifth digital
signal or a sigﬁal obtained by converting the fifth

35 digital signals into an analog form and producing the
accumulated signal as an analog output signal.-
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a conpressed signal. storage region 9al, a shift anount storage region
9a2, and a signal -denodulating circuit 9a3 which are simlar to their

counterparts of the above enbodinent, In addition, the structure has a DA
converter circuit 9a4 receiving the fifth digital signal fromthe signal-
denodul ating circuit 9a3 and an int e_g’,r.ﬁti ng circuit 9a5 receiving

the output fromthe DA converter circuit 9a4. In the above exanpl e,

val ues of the fourth digj ' : [ t | ce

bet ween successi ve jJa%rfpl % Eﬂéet}%v(glr%esre;érge{fiu%;r%% %’g‘-’ﬁ‘% H%?@%%{g{lgﬁal

cor respondi ng the S¥epPsamfld t ude val ues is produced and converted into

analog form In themiese) AMAUIRN LT 4 Jigiteh $ifhing |

corresponding _to thedifferences between successive anplitude Vvalues is

converted i nt §T&IEREYoF S iRASS vy PR FITRIR slfRed by the

Integrating Ciredkindn%s dilffddirce/dbtudith AN stthpland0d Shd@n@h 1S

r epr oduced. Thi% enbaqdi nent yields]§annta es .. simlar to the advantages

obt ai ned by t AR XSGR AGumulator £ig i can al so be reproduced by

a structure as showrodurikiqy.a Hdde olitimitstdarmtesporiting twmpfieséied=si gnal
storage regign 9bl an it or gi on 9b2 which are

simlar in st(rilﬁct%dre' tg ﬁ]%!grheccﬁ'%%éﬁes .oEf‘ i%"{]t:’ above enbodinment. In

addi tion, the strusterdingmdhe Dotlec gurauterin a storage means; and

10 aécumulating outputs, which are obtained by

multiplying said code output by K, by means of said
accumulator circuit. ' _
17. A method of recording a digital signal
comprising a series of digital values where a number of
15 =successive digital values are recorded as a frame,
comprising the following steps for each frame:
successively storing digital values of the frame,
wherein each of the. stored digital values has a
determined relationship to the corresponding digital
20 wvalues of the input digital signal, the relationship
being such that the magnitude of all digital wvalues
stored in a frame lies within a certain range; and
storing in memory associated with the frame
information relating to a factor indicative of the
25 relatiomship.
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circuit 9b3 for converting the third digital signal read from the
conpressed signal stoorage region 9bl, a reference voltage change cirfcuit
9b4 for nodifying the reference voltage of the

- 29- D/ A converter circuit 9b3 according to the shift value produced
fromthe shift amunt storage region 9b2ggand an integrator circuit 9b5
receiving the output fromthe DA converter circuit 9b3. In this case,
when the thirggdirghtgl signal is converted into analog form the reference
vol tage of tﬁ“tTﬁT—onverter CIrCUIt i S varled according to the .anount of
shift. As a r¥EZ S Ih QEi BEPRODUL ING, A g e obt ai ned when

a shift is mde ISTﬁéeaheént:LAﬂ rénateg Ebgaahe@ﬁbae%ﬁoa@dﬂﬁ‘aft@eltyhe
di f'ferences betmee .t he éucce55|ve anplltude val ues pro uced fromthe DA

convert er ci?%ﬁ?? 189; APEyrsPradHyipHe |ﬂf8@F3§|ﬁég HE b5,  In
consequence, whéeodiygamidk anagegwhighakfficieptdgucees fhhsavsﬁﬂu&ﬂmwe al so
yi el ds advant agges, S 0hlahvh9akne3d¥2"kAd% 80 B0L3EAGE bY zhh%r%%%"%o

enbodi nent .

achieve the reduction in the memory requirement, a
number of successive digital values of the digital
signal are stored as a frame in which the magnitude of

10 the digital values lie within a certain range together
with an associated frame factor indicating the
relationship between the original values and the stored
values of the frame. During reproduction successive
stored digital values are adjusted in accordance with

15 ° the value of the frame factor to form the output
digital signal. A method of recording and reproducing
an analog signal is also disclosed.

Figure 1



Al'so, it is possible to reproduce a-signal by a structure as shown in

Fig. 9(0-: This exanple has a . conpressed signal storage region 9cl
and a shift value storage regiron 9c2 which are simlar to their
counterparts of the above enbodinment. In addition, the structure has a

DFA converter circuit 9¢3 for converting the third digital signal read
fromthe conpressed signal storage regiph09cl into analog form a counter
circuit 9¢c5 for counting clock pulses produced froma pul se

signal -generating circuit. 9c4 up to a value corresponding to the shift
val ue delivered fromthe shifte~walue~stgrage region 9c2, a swtching
circuit 9c6 for } 2Ef f - 30- transmtting
the output fromthe D/ A converter circuit 9¢c3  while receiving the pul ses
fromthe counter circuit 9c¢c5, and an integrating circuit 9c7 for

i ntegrating the output supplied to the integrator circuit fromthe DA
converter circuit 9c3 via the switching circuit 9¢c6. As shown in Fig.
10, the o~
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counter circuit 9c5 conprises a counter portion 51 for .receiving clock
‘pul ses osc produced fromthe pul se-generating circuit 9¢c4 as shown in
Fig. 11 and for producing pul ses [err], [err], and [err] having
different pulse widths, a decoder portion 52 for decodi ng the anount of
shift produced fromthe shift annunﬁﬁfﬁﬁrage region 9c2, and a selecting
portion 53 for sel ectively deliveri e pulses [err], [err], and [err]
produced from the counter portion 51 according to the output fromthe
decoder portion 52. In this case, the third digital signal is converted
into an analog signal. The tinme for which this anal og signal is

sent to the integrating cir |t69zz%iz£% controlled by the switching
cifcuit 9c6. In this way, a -{weighNAg rresponding to the shift val ue
is given to the anal og val ue produced to the -integrating circuit 9c7.
This enbodi ment al so produces advantages sim | ayoi9 the advantages

obt ai ned by(i$%>above enbodi nent . Fur re, i5%¥s possible to
Teproduce a stghal by a structure shown inj Fi ¢ Eﬂq i s enbodi.nment has

conpressed signal storage region 9dljand -a al ug-, st or age regi on
9d2 which are simlar in structure fojtherr ayts- of
. daO-
d3o
dz2o
di1 O
do ©
out3
, out1
out2,| //dogto
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-31-- t he above enbodinents. In addition, this enbodi nent has a PWV
‘(pul se width nodul ation) circuit 9d3 for produci ng pul ses responsive to
the third digital signal read fromthe conpressed signal storage region
9d1l, a gate 9d4 which is enabled according to the amount of shift read
fromthe shift anount storage region 9d2 and transmts the output fromthe
PWM circuit 9d3, and an integrating Si/Aduit 9d5 receiving the output
fromthe gate 9d4. In this case, the third digital signal 1is nodified
into a pulse having a pulse wdth corfesponding to the value of the
third digital signal. A weighting corresponding to the shift value is
given by the gate 9d4. Then, the signal. is integrated by the integrating
citcuit 9d5. In this way, the original signal is reproduced. This

enbodi nent al so produces advanrgg?f (%&ngspr to the advantages
obt ai ned by the aboveenbodi nents he~second digital signa
corresponds to the differences between successive anplitude val ues at
‘successive sanpling points. Furthernore, an anal og signal may be sanpl ed
and held and then converted into a digitaNsyalue. This digital
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val ue may be del ayed by one sanpling peri od. The difference between this
val ue obtai ned

‘del ayed val ue
anal og signa

and the

into digital

signal. °~ Mreover, an
sanpling period. The difference between this del ayed val ue

del ayed by one

- 32- and t he val ue obtai ned by currehft

anal og signa

f orm may

by

currently converting the

al so be used as the second digital
anal og signal. may be sanpled and held and then

9 sanpling and hol ding the

is taken and converted into a digital value. This digital

val ue may be used as the second digital sig

digital signal
a frane is pr
shift is estab
third digital

of conpressing

is stored
ovi ded for
i shed for

clOon
]

- Ci

nal .

El_r}( tcgse ases, the second
e. $0,f in these cases,

ina buffer or the i
every cgrtaln nunber of sanples. An anount of
each frg b signal is converted into the

the second digita

{the anount of shift. The net hod
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a facttor of Kis not limted to the nethod of shifting the bits by neans
‘of the signal-conpressing circuit 7. The division may al so be perforned
by the use of a division circuit (not shown) instead- of the

signal -conmpressing circuit 7. Simlarly, in order to expand the third
digital signal by a factor of K a mﬂtééﬁication circuit (not shown) may
be used to performthe nultiplicationq ead of the signal- denodul ating
circuit 8 or 15. : According to the present invention, a

signal having a wi de dynanic range can be recorded and reproduced at high
accuracy with a small anount of information. '

-33- ~CLAI M5 1. A nethod of recording a digital signa
conprising a series of digital values where a nunber of successi ve
digital values are recorded as frang, conprising the foll ow ng steps
for each frane: calcufgzin fggtor K by which the nmagni tude of
the digital values in a frame nust b€ feduced such that they lie.-within

a predeterm ned range; storing each digital value of a frame

di vided by 10 the factor K
' ( start)

{
a0l o] o

e
/

|Read S or Cn b1

dt




storing information relating to the factor Kin menory associ ated with

the frame. 2. A method of recording a digital signal ‘as

claimed in claim1 wherein the method includes the 15 initial step of
successively deriving a difference val ue representing the difference
bet ween the anplitude of a digital value and the anplitude of the

pr ecedi ng di gital val ue, whereupon §ﬁéodifference digital val ue s
used as the digital value in the succeeding steps of 20 the method of
claim1l. , 3. A nmethod of recording a digital signal as . cl ai ned
in claim2, wherein the anplitude of the preceding digital value is
obtained by nultiplying the pr ecedi S} or, gif f erence val ue by the
factor K so as 25 to create a further di itLchgl , and accunul ati ng

val ues. . A nethod of recording a digital
{n claim3 wherein K = 2[err] and the nultiplication
of the differenge valpig is achieved by the insertion of 30 S | east
significant bits. 5. A nethod of recording a signal as clainmed in
any precedi ng0ct ai m/ whexein K = 2[err] and the division of the digital

t hese further_ dijgital
signal as 30 ai ned

val ue by the fa K i's gchi eved by renoving the least significant S
bits of the digjta) 35 val ye. 6. A method of recording an anal og
si gnal 10 ' - 34- conprising the
steps of: sanpl i ng\an anal og signal at a given sanpling

frequency; "A-
val ues to creat€
. val ues; and

g the sanpled analog founinto digital 5
Nur . SO : al

met hod of any pfeceding claim
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7. A method of reprodUcing a dfgital signal 10 which conprises a series of

digital values, where a nunmber of successive digital values are
recorded as a frame and information relating to a factor Kis stored
in nmenory associated with the frame, the nethod conprising the steps
for each frame of: 15 reading out-information relating to the factor
K; successively reading out thé&/H0gital val ues;

mul ti plying the digital values by the factor K; suppl ying the
series of multiplied digital values as the output digital signal. 20
8. A nmet hod of reproducing a di gHaly sign as claimed in.claim?7
wherein the multiplied digital a/uzggazz’successively accunul ated to
formthe output digital signal. _ 9 A met hod of reproducing a

digital signal as 25 clained in claim7 or 8 wherein K= 2[err] and the

“multiplication QL_Lhe_dqu¥pL_MaLuQ&¢?y the factor Keis achi,eved byt he.
Icant bits

insertion of S |east si gni lin the digital value. |

10. A et hod oglreprodhﬁing an analog|sig¢al fre@a@0 a digital #ignal
conpri sing tche t eps: reprod'cin$ digital signal in gccordance
Wi th one @ } - : i igital

signal to an | e _ _qutpuf_sitgnal me 35m me me11.  _A'net hod ofm+ ecordi ng

a digital or analo§ ° signal substant?allylas2herein described®ith
ref erence - 35- to at | east one
of Figures 1, 2, 3, 4, 6 and 8. 12. A method of reproducing a
digital or anal og signal substantially as herein described with
ref erence | to at |least one of Figures 1, 3, 5, 7, 8, 9, 10 and 11. 5
13. A nethoqog[ recor,ding a signal, conprising the steps of:
g
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sanpting an anal og signal at a given sanpling frequency, converting the
‘sanpl ed signal into digital formto create first digital signals, and
storing the 10 first digital signal in a given storage regi on whenever

a given nunber of sanples are produced, successi vely reading the
first digital signals - fromsaid storage region, taking a difference
“bet ween an anplitude signal corres$bdhding to the presently read 15
first digital signal and an anplitude signal corresponding to the
previously read first digital ‘signal, and producing the difference as a
second digital signal; -~ converting the second digital signa
into a third 20 digital signal mhlch |s 1/ K=1, 2, ...) of the

second digital signal; : gKto such a value that it is
commmon - to every third dlglta S|gn ai ned fromthe first

digital signals stored in said certain storage region 25 and that val ues of
the third digital ,signal lie in a certain range; and storing
said third dlg%k?_ signals and data representative of said values of
said K |4. A method of reproducing a signal, conprising 30 the
steps of: reading out the third dlgltal aI stored by the .
‘met hod of claimiljand the data representatl e 0ff sa i éf% and mul tiplying
the third digital |[sighal by Kto conve? Arnr igital signal into
afifth digita%zéﬁ_signal; and succ Weky accunul ating said
fifth digital g "0136- si gnal or
a signal obtained|by converting the fifth//<;. digital signal into an
anal og form and produci ng the accu oA ed signal as an anal og out put

si gnal . , 15. A nethod of reco
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5 corprising the steps of: ' sanpl i ng -an anal og signal at a given
sanpl i ng frequency, converting the sanpled signal into digital

formso as ' to create first digital signals and storing the first
digital signals in a given storage- region 10 whenever a given nunber of
sanpl es are produced, succes sly reading the first digita
signal from sai d storage region, ng a difference between an
anpl i tude signal corresponding to t he presently r ead first digital
signal and an anplitude signal é;?(!‘ g to the previously read
first digital signal, and pr in di fference as a second

digital output signal; convertlng the second digital S|gnal into
a third digi t al Q@hal whi ch ®a®sponds to H&4(K = 1, 29a5.) 20 of
the second difgit | setting_said k to such_a v that it
i s conmon 't FWRY v° third dlglta s gnaL‘pb&§ ned |from { he first
“digital ‘signal i@% S sardlc PPPn §torag e) on Zhd titR  Val ues of
~the third digita e lie i =rta|nE+aﬁge——— ster++Hg sai d
third digital si dat a representative of said values of the K
readi ng out thej ital signals and the data representative of

val ues of said ks ing the third digital signal by Kto
convert the thi ié signal into a fifth digital signal; and
successi vel y accumul a |ng said fifth digital signal'or a signal
obt ai ned by convertingat flfth 3 gital sig into an anal og form and
produci ng theB accuﬂy? ted S|gn§b%gs an analggﬁiutput si-gnal .
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% .
sanpting an anal og .signal at a given sanpling frequency to successively
.-obtain sanple data; 5 taking a difference between the sanple data
and an out put froman accunul ator circuit; - produci ng a code
out put corresponding.to 1/K (K = 1, 2, ...) of the difference output;
storing the code output in a storage neans; and 10 accunul ati ng

out puts, which are obtained by  nulti®V¥Png said code output by K by
nmeans of said accurul ator circuit. . 17. A nethod of recording a
di gital signal conprising a 'rieq;;=f(3}teﬂ val ues where a nunber of
15 successive digital values are recorded as a frane, conprising the
follow ng steps for each frane: successively storing digita

vafues of the frang, Teriei ryaclrof tfeystprgd ¢rgjt gt—yal has a
det er i ned rel aPSbnsHi plta t He torlespohdilng Ldilyi tial |20l \al des] ofl_t he
input digital signal, the relationship bei ng such that the magnitude of
all digital wvalugs " ¢§toreqd in afrane lies within a certain rarfge; and
storing in nenor 1 associ at ed lwi i i ing to a
factor indicative of the 25 rel ationship. :
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