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BACKGROUND OF THE'INVENTION

5 Field of the Invention ) _
The present invention relates to a signal processing

method and a signal processing apparatus, and more-

specifically to a method and apparatus for transforming N-

bit codes such as audio signals, video signals, etc. into
10 M-bit codes on condition that M is larger than N.

Description, of the Prior Art

In the case where signals such as audio or wvideo
signals are converted into digital signals, digital signals
15 having a predetermined number of bits are generated per
sample in conformity with a standard prescribed under due
consideration of wvarious conditions (e.g., transmission,
fidelity of recording and reproduction, apparatus cost,
etc.). For instance, in the case of a compact disk, 16-bit

20 digital signals are recorded per sample. .
In Fig. 1, a plurality of thick solid lines S as a -» b
- c->d=-> ... k=2 1->m- n, represent digital signals
obtained by gquantizing an ‘original analog signal (by
resolution of 1/2N for each specific sampling period Ts)
25 in a form of analog signal. Here, the original analog
signal resides in the ranges enclosed by dashed lines
including the solid lines S shown in Fig. 1. In other
words, there exists an error of less than * 0.5 LSB (the
least significant bit) between the original analog signal
30 and the restored analog sigral (obtained by restoring the
' original analog signal). Therefore, in the N-bit digital
signal obtained by converting the analog signal in the

resolution of 1/2N; the minute signal as fine as obtained

by the resolution more that 1/ 2N cannot be restored.
35 Further, in Fig. 1, t1, t2, t3, ... denote sequential
sampling points, and Ts denotes a sampling period.



In the case-where signals such as audi o or video signals are converted
into digital signals, digital signals 15 . ‘havi ng a predeterm ned nunber of
bits are generated per . - sanple in conformty with a standard prescri bed
under due . consideration of various conditions (e.g., transnission,
fidelity of recording and reproduction, apparfatus cost, - etc.). For

i nstance, in the case of a conpact disk, 16:-Ait 20 digital signals are
recorded per sanple. - " In Fig. .1, a plurality of thick solid lines S
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DA (Digital—to-Analog) converted without distortion. In
other words, dﬁta less than one LSB of the original number
of bits can be outputted for DA conversion.
In this prior art technique, although the N-bit digital
15 signals are converted into M-bit digital signals (M>N) by
use'of the digital low-pass filter, it is impossible to
correct the errors of 0.5 LSB involved in the N-bit digital
signals. In addition, since the digital low-pass filter
is used fpr waveform smoothing, the signal waveform
20 chaqges. As a result, when this method is applied to the
DA conversion of audio digital signals; for instance, there
exists a problem in that the quality of the audio digital
signals varies.

25 SUMMARY OF THE INVENTION
The object of the present invention is to obtain high-

- quality audio signals and/or video signals in a high
resolution on the basis of the digitalized audio and/or
video signals.

30 To achieve the above-mentioned object, the present
invention provides a signal processing method for
transforming N-bit digital signals into M-bit digital
signals, where M is larger than N, the N-bit digital
*signals being obtained by converting an analog signal into

35 digital SLgnals the method comprising the steps of:
-detecting transitlon points on a time axis and intervals
between the transition points at which successive digital

-



-2- However, there exists so far a need of restoration of

the mnute signal by.a resolution nore than a val ue det erm ned by
the nunber of bits of digital signals. ~ Therefore, for instance,
Japanese. Publ i shed Unexam ned 5 (Kokai) Patent Application No. 5- 304474
has proposed such a nmethod of . transformng N-bit codes into Mbit .
codes on condition that Mis larger tBan N. -In a technique of

i ncreasing the nunber of bits disclosed in this prlor art pat ent,
digital signals Q@iaampobRedehdr e 2 digital I@ néﬂs wass fihl t6613Q;
that even the minudte |evel ghal s can he | tal -t .0- Anal 0Q)
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of the ori gi nal gxthey of the N-bit dlgltal signals within d range of * 0. 5 .
least significant bit of the N-bit digital signals in
5 response to the transition points and the intervals;
delaying the (M-N) bit additional sighals so as to
correspond to least significant bits of the N-bit digital
signals; and combining the delayed (M-N) bit additional
signals with the N-bit digital signals to generate the M-
10  bit digital signals. '

The detecting step may comprise the steps of: detecting
successive firs;t, second and third transition points; and
detecting a first interval length between the first and
second transition points and a second interval length

15 between the second and third transition points, and
the generating step may comprise the step of generating the
add;i.tional signals so that the N-bit digital signals are
linearly interpolated by the additional signals in a first
signal processing period, the first signal processing
20 period being from a midpoint of the first and second
transition points and another midpoint of the second and
third transition points when the first and second interval
lengths are the same each other and transition directions
in value of the digital signals at both the second and
25 third transition points are the same each other or the
first signal processing period being corresponding to
either of the first and second intervals which is shorter
than the other and the transition directions at both the
second and third transition points are the same each other,
30 and generating the additional signals in a second signal
processing period predetermined in accordance with the
second interval lengfh when the transition directions at
the second and third transition points are different form
each other, the additional signals being generated in the
- 35 second signal processing period in such a way that the an
integral valuew of an analog value representéd by the M-bit
digital signals is substaptially equal to an integral value



of bits can be outputted for DA-conversion. In this prior art
techni que, although the N-bit -digital 15 signals are converted into Mbit

digital signals (NbN) by . use of the digital |lowpass filter, it is

| npossi bl-e to correct the errors of 0.5 LSB involved in the N-bit
digital signals._ln addi tion, since the.digital |owpass filter

I's used for mavefornlsnnothng the si.gnal . vaeforn120 changes. As a
result, when this nmethod is applied to.the - DA conversion of audio
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comprising: means for detecting transition points on a time
axis and intervals between the fransition points at which

10 successive digital signals of the N-bit digital signals
vary in value; means, responsive to the transition points
and the intergals, for generating (M-N) bit additional
signals which correct errors of the N-bit digital signals
within a range of * 0.5 least significant bit of the N-bit

i5 digital signals; means for delaying the (M-N) bit
additional signals so as to correspond to least significant
bité of the N-bit digital signals; and means for combining
the delayed (M-N) bit additional signals with the N-bit
digital signals to generate the M-bit digital signals.

20 Thewdetecting means may comprise: means for detecting
successive first, second and third transition points; and
.means_for detecting a first interval length between the
first and second transition points and a second interval

. length.between the second and third transition points, and

25 the generating means comprises means for generating the
additional signals so that the N-bit digital signals are
linearly interpolated by the additional signals in a first
signal processing period, the first signal processing

_ period being from a midpoint of the first and second

30 transition points and another midpoint of the second and
third transition points when the first and second interval
lengths are the same each other and transition directions
in value of the digital signals at both the second and
third transition points are the same each other or the

35 first s1gnal processing period being corresponding to
either of the flrst and second intervals which is shorter
than the other and the transition directions at both the



detecting transition points on a tine axis and intervals | bet ween t he
transition points at which successive digital

- 3- signals of the N-bit digital signals vary in value;
generating (M N) bit additional signals which correct errors of
the N-bit digital signals . within a range of - 0.5 | east significant
bit of the N-bit dlgltal signals in 5 rgsponse to the transition points
and the intervals;- - -delaying the (MN bit additional signals
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processing period predetermined in accordance with the
_ second interval length when the transition directions at
5 the second and third transition points are different form
each other, the additional signals being éenefa;ed'in the
second signal processing period in such a way that the an
integral value of an analog value representing by the M-bit
digital signals is substantially equal to an integral value
10 of an analog -value representing by the N-bit digital
signals. '

Further, the detecting means may comprise: means for
delaying the Nibit digital signals by a specific sampling
period carried by first clock signals to generate the

15 successive digital signals; means for comparing values of
the generated successive digital signals to generate
coméarison signals when the values are not equal to each
other; means, responsive to the comparison signals and
second clock signals 180 degree out of phase from the first

20 clock signals, for generating transition point signals
indicative of the transition points only when the values
of the successive digital signals spaced by the specific
sampling period are .not equal to each other; and
means, responsive to the first clock signals and the

25 transition point signals, for counting a specific number
of the first clock signals between successive transition
points to detect the periods.

Further, the generating means may comprise: means,
responsive to the comparison signals and the transition

30 point signéls, for generating transition status signals
synchronized with the transition point signals, the
transition status signals being indicative of wvalue
transition of the successive digital signals at the
transition points; means for delaying the transition status

35 signals by means of the trans1tlon point signals;
means, based on the delayed trans1t10n point signals, for
generating extreme period signals indicative of periods for



The detecting step may conprise the steps of: detecting o successi ve

first, .second and third transition points; and detectlng a first

i nterval | engt h between the first and second transition points and a -
second interval length -15 = between the second and third transition

points, and - the generating step may conprise the step of generating
the ° " additional signals so that the NIyt digital signals are
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outputting the read first and second (M-N) bit additional
signals. ;
Further, the present invention. provides a signal
processing method for transforming N-bit digital signals
15 into M-bit digital signals, where M is larger than N, the
N-bit digital signals being obtained by converting an
anaiog signal into digital signals, the method comprising
the steps of: detecting transition patterns of successive
digital signals of the N-bit digital signals over
20 transition points on a time axis, at the transition points
the successive digital signals varying; generating (M-N)
bit additional signals which correct errors of the N-bit
digital signals within a range of *+ 0.5 least significant
bit of the N-bit digital signals based on the transition
25  patterns; combining the (M-N) bit additional signals with
the N-bit digital signals so that the (M-N) bit additional
signals correspond to least significant bits of the N-bit
digital signals to generate the M-bit digital signals.
The detecting step may comprise the steps of: detecting
30 successive first, second, third and fourth transition
points at which two successive digital signals vary in
value; and detecting transition patterns represented by the
detected four transition points, and the generating step
may comprise the step of generating interpolation signals
35 1n.accordance w1th'the detected transition patterns so that
a linear 1nterpolatlon is executed to modified digital
signals within a range of f 0.5 least significant bits



35 second signal processing period in such a way that the an

i ntegral - val ue of an anal og val ue represented by the Mbit .  digital
signals is substantially equal to an integral value -

-4- of an anal og.value represented by the N-bit digital signal s.
Further, the present invention provides a signal processi ng appar at us
for transformng N-bit digital signals 5 _giLnto Mbit digital signals,
where Mis larger than N, the N-bit digital signals being obtained by
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' ' executed between the first and second transition points,
) the modified digital signals being obtained by limiting an
5 N-bit digital signal value at a'transitiqn point between
the second and third transition points down to one least
significant bit, thus generating (M-N) bit‘ édditional
signals based on the generated interpolation signals.

Further, the present invention provides a signal

10 processing apparatus forjtransforming'N—bit:digital signals
into M-bit digital signals, where M is larger than N, the
N-bit digital ,signals being obtained by converting an
analog signal into digital signals, the apparatus
comprising: means for detecting transition patterns of

15 successive digital signals of the N-bit digital signals
over transition points on a time axis, at the transition
poihts the successive digital signals varying; means for
generating (M-N) bit additional signals which correct
errors of the N-bit digital signals within a range of * 0.5

20 least significant bit of the N-bit digital signals based
on the transition patterns; and means for combining the (M-
N) bit additional signals with the N-bit digital signals
so that the (M-N) bit additional signals correspond to
least significant bits of the N-bit digital signals to

25 generate the M-bit digital signals. '

The detecting means may comprise: means for detecting
successive first, second, third and fourth transition
points at which two continuous digital signals vary in
value; and means for: detecting transition patterns

30 represented by the detected four transition points, and
the generating means comprises means for generating
interpolation signals in accordance with the detected
transition patterns so that a linear interpolation is
executed to modified digital signals within a range of *

35 0.5 least significant bits between the second and third
transition péints in correspondence to another linear
interpolation already executed between the first and second



10 successive digital signals of the N-bit digital signals . vary in
val ue; neans, responsive to the transition points and the intervals,
for generating (MN) bit additional signal s- which correct errors of:
the N-bit digital signals ~ wthin a range of- 0.5 least significant bit
of the N-bit 15 digital  signals; nmeans for delaying the (MN bit
addi tional signals so as to correspond to I_%t significant - bits of
the N-bit- di gital signals; and nmeans for i ni ng t he del ayed (MN)
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10 successive digital signals; means for comparing values of -

the generated successive digital signals to generate
comparison sig?als and transition status signals indicative
of increase or decrease in value at-the transition points
when the wvalues are not equal to each other; means,

15 responsive to the comparison signals and second clock
sigﬁals 180 degree out of phase from the first clock
sigﬁals, for generating transition point signals indicative
of the transition points only when the values of the
successive digital signals spaced by the specific sampling

20 period are not equal to each other; means for counting the
first clock signals to generate count signals; means for
synchronizing the transition status signals and the count
signals with the transition point signals; and means,
responsive to the synchronized transition status signals

25 and count signals, for generating transition patterns of
the successive digital signals.

Further, the generating means may comprise: means for
detecting differences between the transition points on the
time axis using the count signals and the transition point

30 signals; means for «conducting a specific linear
interpolation to the N-bit digital signals based on the
differences and the transition pattern signals; and means
for taking least significant (M-N) bits from the
interpolated N-bit digital signals to generate the (M-N)

35 bit additional signals.

_ The con&ucting means may conduct the 1linear
interpolation per four successive transition points.



third transition points are the same each other or the 35 first signa
processi ng period being corresponding to either of the. first and
second intervals which is shorter ‘than the other and the transition
directions at both the . : second and third transition points
are the sane each other, - and .generating-the additional signals in a
second si gnal ‘processing period predetggm ned in accordance with the
second interval |l ength when the transition directions at 5 t he second and
third transition poi pugtRee, dthéecsRbuéel mean€QR§% rlége ﬁ@%%é poAl
cess 0

signal s being generate second" sI peri I'n such
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t he p@blt each including specific number of successive transition
points; means for averaging the interpolation signals; and
5 means for applying the averaged interpolation signals to
conduct the linear interpolation to the N-bit dlgltal
signals.

BRIEF DESCRIPTION OF THE DRAWINGS
10 Figﬂ 1l is a diagram for assistance in explaining the

error of digital signals obtained by D/A conversion of an
analog signal;,

Figs. 2A and 2B are waveform diagrams for assistance in
explaining the operation of the first embodiment according

15 to the present invention, respectively;

' Figs. 3A to 6B are a series of waveform diagrams for
assistance in explaining the operation of the first
embodiment according to the present invention;

Fig. 7 is a block diagram showing a construction of the

20 first embodiment according to the present invention;

Fig. 8 is a block diagram showing a more practical
construction of a part of the apparatus shown in Fig. 7;

Figs. 9 is a waveform diagram showing the respective
portions of the apparatus shown in Fig. 7: |

25 Fig. 10 is a block diagram showing a more practical
‘construction of a part of the apparatus shown in Fig. 7;

Figs. 11A to 11C are waveform diagrams for assistance
in explaining the operation of the first embodiment
according to the present invention;

30 Figs. 12A to 12C are waveform diagrams for assistance
in explaining the operation of the first embodiment
acco;ding to the present invention;

Fig. 13 is a block diagram showing a part of the
apparatus and a waveform diagram for assistance in

35 explaining thg operation of the first embodiment according
to the present invention in combination:

Fig. 14 is a block diagram showing a construction of



digital signals is substantlally equal to an integral value 10 of ~an

anal og value representing by the N-bit" dlgltal signal s.

Further, the detecting nmeans may conprise: neans for © delaying the

N bi t digital.signals by a specific sanpling period carried by first
clock signals to generate the 15 = successive digital signals; neans for
conparing val ues of - the generated succe$§|ve digital signals to
generate conpari son signals when the values are not equal to each
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signals, the transition status S|gr§f gblngél | cative of val ue
embodiment according to the present 1nvent10n.

10 Figs. 25A to 25D are waveform diagrams for assistance
in explaining the operation of the second embodiment
according to tpe present invention;

Fig. 26 is a block diagram showing a more practical
construction of a part of the apparatus shown in Fig. 14;

15 Fig. 27 is a block diagram showing a more practical

construction of a part of the apparatus shown in Fig. 14;

-Fig; 28 is a waveform diagram for assistance in
explaining the operation of the second embodiment according
to the present invention} and

20 Fié. 29 is a block diagram showing a construction of
another embodiment for adding an additional signal to the
digital signals.

DETAILED DESCRIPTION OF THE EMBODIMENTS
25 The method and apparatus according to the present

invention will be described hereinbelow with reference to
the attached drawings. First, the case will be explained
where M-bit codes are obtained with bit-transformation of
N-bit codes (where M>N) obtained by converting an analog
30 signal into digital signals on the basis of a resolution
of 1/2N, |
In the signal processing method and apparatus according
to the present invention, when the wvalues of the N-bit
codes increase or decrease in sequence on the time axis,
35 the length of period (indicated by the number of sampling
"periods) during which N-bit code wvalues continue at a



transition of the successive digital signals at the . transition points;
means for delaying the transition status 35 signals by neans of the

transition point signals; means, based on the del ayed transition point
signals, for generatlng extrene perlod signal s indicative of periods
for . -6- the N-bit digital .
signals in extrene val ue; .nmeans for dejecting differences in | ength of
t he periods; neans- - storing first (MN) hit additional signals:

corresponding constardthéleesl ods QEM§§ﬂéHWMﬂﬁﬁUQhé”QéﬁﬁﬁH“bfN%B%aébht
addi ti onal I gnals. ¢ espondl eriod of . val ue trapsition;
nmeans for reacﬂer"F cfﬁ%“ TG Hht qi}Ml%)lP i¢ode Va]a‘b%‘?t?%‘%mé?gﬁgﬁg PR a
response the. dmkﬁeﬁﬂnueﬁevmllength
) _ Further, when a difference in N-bit code value between
5 the fwo adjacent periods is one LSB and further when the
lengths of the two periods are different from each other,
(M-N)-bit additional signals are generated in éuch a way
that an N-bit value at a midpoinf of the shorter period of
the two adjacent periods can be connected to an N-bit value
10 at another poinf of the longer period of the two periods,
where the distance from the border between the two periods
to the midpoins equals to the distance from the boarder to
the other point. The additional signal generated as
described above is added to the N-bit codes so that the M-
15 bit codes can be generated. Further, in the case of the
period at which an M-bit codes correspohd-to an extreme
(maﬁimum or minimum) wvalue, (M-N)-bit additional signals
previously determined on the basis of that period length
are added to the N-bit codes so that the M-bit codes can
20 be generated. On the other hand, when a difference in N-
bit code value between the two adjacent periods is larger
than one LSB, (M=N)-bit additional signals are generated
as described above on the assumption that the difference
in code value is one LSB, and the generated additional
25 signals are added to the N-bit codes.

Figs. 2A and 2B show M-bit codes generated by adding
the'(M-N)—bit additional signals to the least significant
bit of the N-bit codes, by way of example. In Fig. 2A, the
lines Sn represent the codes whose number of bits are not

30 yet transformed and the lines Sm show genergted M-bit
codes. In Fig. 2B, the lines S(m-n) represent the (M-N)-
bit additional signals.

In the signal processing method and apparatus according
to the present invention, when the N-bit codes increase or

35 decrease in sequence on the time axis, the period length
during which the N-bit codes of the same value continue
(e.g., the period length between a and b in Fig. 2A) is



and the extrene period signals; neans for reading the ‘second (MN) bit
additional signals in response the 10 transition status signals; and
means for selectively outputting-the read first and second (M N). bit
addi ti onal S gnal S. Further, the present invention, provides
a signal - processing nmethod for transform ng N-bit digital. si gnal s 15
into Mbit digital signals, where Mis larggs than N, the N- bi t
digital signals being obtained by converting an- anal og signal into
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digital sig®als peséddsncamee mmetct@d 26 eaphtd:’ehens byt:(arrﬂmneng IThetHdN)
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successi ve d|g|t§P SFbﬁ§¥5 q%rgopﬂected to the mi point i of the period
10 between ¢ and 4 by a line.

On the other hand, when the periods of the two adjacent
period lengthf are different from each other, the
additional signal is generated in such a way that-an N-bit
value at a midpoint of the shorter period of the two

15 adjacent periods can be connected to an N-bit wvalue at
another point of the ldnger period of the two periods,
whefe the distance from the border between the two periods
to the midpoint equals to the distance from the boarder to
the other point. That is, in Fig. 2A, since the period

20 between e and f is longer than the period between c and 4,
an additional signal is generated in such a way that the
midpoint i at the period of the shorter length between c
and 4 is connected to fhe point 1 of the longer period
length between e and f£f. The length between i and the

25 boarder d equals the length between the boarder e and 1

Further, in the case of the period at which the M-bit
codes indicate an extreme value, (M-N)-bit additional
signals previously determined on the basis of that period
length are added to the N-bit codes, to generate M-bit codes.

30 Figs. 3A and 6B show a series of the N-bit codes Sn',
the generated M-bit codes Sm' and the additional signals
S(m-n)' in a form of analog signal in such a way that the
‘period lengths having the maximum values correspond to one
sampling period (1Ts) to 16 sampling periods (16Ts). As

35 shown in Figs. 3B, 4B, 5B and 6B, the additional signal
S(m~n)' is g;nerated in such a way that the rectangular
area of the maximum pbrtion becomes roughly equal to the



val ue; and detecting transition patterns represented by the det ect ed

four transition points, and the generating step may conprise the step
of generating interpolation'signals 35- in accordance with the detected
transition patterns so that © =~ a linear interpolation is executed to

nmodi fied digital signals within a range. of [err] 0.5 | east significant
bits : - ' -13- ~1- between the
second and third transition points in " correspondence to anot her .

e o b bl s YR S8 DELISRERALLY S $10 Sgstgte
linmiting an 5 vebie- dFgrtlersi gharevihaeN it cedmsingloignian eparwkeof
the second and thigdstr.g85i b50R1RRERYS APMAIHRAONG Y 885Talso ‘possible to
o _ generafe the additional signal S(m-n)' in such a way that
5 the rectahgular area of the extreme portion whose height
changes within a range of * 0.5 LSB becomes roughly equal
to the area of the region of the M-bit code (Sm)
corresponding to the maximum value.
Fig. 7 shows an example of the signal processing
10 apparatus by which the signal processing method according
to the preset invention can be realized. 1In Fig. 7, the
signal proces;}ng apparatus includes a delay circuit 3
having a fixedly set delay time, an adder 4, a detector 5
for detecting the change modes of the signal waveforms, an
15 additional signal generator 6 for generating an (M-N)-bit
additional signal (where M > N), a variable delay circuit.
7 ahd a delay control signal generator 8.
In Fig. 7, N-bit digital signals to be processed are
supplied to the delay circuit 3 and the detector 5 through
20 an input terminal 1. After having been delayed by a
predetermined constant time by the delay circuit 3, the N-
bit digital signals are supplied to the adder 4. The
detector 5 detects data related to the waveform change
modes and the waveform change periods of the N-bit digital
25 signals suppiied through +the input terminal 1. The
detected these data are supplied to the additional signal
‘generator 6 and then to the variable delay circuit 7.
According to the change modes and the change periods of
the signal waveforms of the N-bit digital signals, the
30 additional signal generator 6 generates the (M-N)-bit
additional signals, and the generated additional signals
are then supplied to the variable delay circuit 7. In
other words, the additional signal generator 6 génerates
the additional signals described later, according to
35 whether the ‘signal waveforms increase or decrease in
sequence or whether the period length during which the
signal waveform continues at a constant level is the same



S| gnificant bit, thus generating (MN bit additional si gnal s" based on

the generated i nt erpol ati on signals. Further, the present

i nvention provides a signal 10 - processing apparatus for transform ng
N-bit digital signals into Mbit digital signals, where Mis |arger
than N, the N-bit digital si gnal s bei ng obtained by converti ng an
analog signal into digital ‘signals, thg. apparatus conpri si ng: '

nmeans for detecting transition patterns of 15 successive digital signals
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10 of the signal waveform change data, the signal waveform

change mode data, and the signal waveform change period
data all supp%ied by the detector 5, and supplies the
generated delay control signal to the variable delay
circuit 7. .

15 The adder 4 adds the N-bit digital signals to be
processed delayed by the delay circuit 3 to the (M-N)-bit
additional signals delayed by the variable delay circuit
7, and transmits the resultant M-bit digital signals
through an output terminal 2. |

20 With reference +to Figs. 8 and 9, the practical
construction and operation of the detector 5 will be
explained in more detail hereinbelow. In Fig. 8, the
detector 5 is composed of a transition point detector 51
for detecting transition points of the signal waveforms,

25 a transition state detector 52 for generating a signal
indicative of the transition state of the signal waveform,
and an interval detector 53 for detecting the intervals
between the transition points of the signal waveform. Te
N-bit digital signals to be processed are supplied to an

30 input terminal 25 of the detector 5, and a clock pulse Pfs
is supplied to another input terminal 26. As the clock
pulse Pfs, a pulse having a frequency the same as the
sampling frequency fs (used when the digital signals to be
processed are generated) is used. In the case where the

35 digital s1gnals to be processed are audio signals, a pulse
having a frequency of 44.1 KHz, for instance is used as the
clock pulse Pfs.



the generating neans conprises neans for generating | i nteerpol ati on
signals in accordance with the detected transition patterns so that a.
| inear interpolation is ~executed to nodified digital signals within a
range of + 35 0.5 |east significant bits between the second and third
transition points in correspondence to another |inear I nt er pol ati on
al ready executed between thé first and secong- . S _
- 8- transition points, the nodified di.gital  signals being
obt ai ned by |initing e Nvbbitdidgigiahlsigrlalil 82 @ksa shown tIANFiGL.0M)
i ani f1cant bi 1, SPRRE Gerarariely e FRS Hminakf} M B b o0 Breed
on the generatimput terminal of a magnitude comparatdr 10 and a data
) _ terminal of a D-type flip-flop (DFF) 9. On the other hang,
5 the clock pulse Pfs (as shown by 82 in Fig. 9) is given to
a clock terminal of the DFF 9. Further, the ohtput signal
of a Q terminal of the DFF 9 is supplied to a B-input
terminal of the magnitude comparator 10.
On the basis of the clock pulse Pfs supplied to the
10 clock terminal of the DFF 9, the DFF 9 delays the N-bit
digital signals -supplied to the data ferminal by one
sampling perioq, and supplies the delayed digital signals
to the B-input terminal of the magnitude comparator 10.
The magnitude compérator 10 compares the digital signal
15 A supplied to the A-input terminal thereof with the digital
signal B supplied to the B—iﬁput terminal thereof. When
the'value of the digital signal A is larger than that of
the digital signal B, the magnitude comparator 10 sets an
output terminal A>B to a high level (as shown by 83 in Fig.
20 9). At this time, another output terminal A<B is set to
a low level (as shown by 85 in Fig. 9). Further, when the
value of the digital signal A is equal to that of the
digital signal B, the magnitude comparator 10 sets an
output terminal A=B to a high level (as shown by 84 in Fig.
25 9) and the other output terminals A>B and A<B to the low
level. Further, when the value of the digital signal B is
larger than that of the digital signal A, the magnitude
comparator 10 sets only the output terminal A<B to the high
level (as shown by 85 in Fig. 9), and sets the other output
30 terminals A>B and A=B to the low level. |
The output signals 83 and 85 of the output terminals
A>B and A<B of the magnitude comparator 10 are both
supplied to an exclusive-OR circuit 11. Further, the
output signal 83 of the output terminal A>B is supplied
35 also to a data terminal of a DFF13 of the change state
‘detector 52. ) .
The output of the exclusive-OR circuit 11 changes to



i nt erpol ati on signals. Further, the detecting neans may conpri se':_'

means for del aying the N-bit digital signals by a specific sanpling
period carried by first clock signal's to generate the 10 successive:-
digital signals; nmeans for conparing val ues of t he generated
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10 ‘The output signal 86 (shown in Fig. 9) of the
exclusive-OR circuit 11 is supplied to one input terminal
of an AND circyit 12. Further, the pulse Pfs' (as shown
by 87 in Fig. 9) is supplied to the other input terminal
of the AND circuit 12. Here, the pulse Pfs' is a pulse

15 having the same frequency as the clock pulse Pfs but 180-
degree out of phase from the clock pulse Pfs.

-In the construction as described above, the AND circuit
12 outputs a clock pulse CLK (as shown by 88 in Fig. 9) at
the timing of the pulse Pfs', only when the data values of

20 the two adjacent N-bit digital signals spaced by one

' sampling period are not equal to each other. The clock
pulse CLK outputted by the AND circuit 12 is supplied to
a clock terminal of the DFF 13 and also to clock terminals
of DFFs 14, 15/ 19, 20 and 21 and further to an output

25 terminal'34, respectively, as shown in Fig. 8.

As understood above;,; one of the output terminals A>B
and A<B of the magnitude comparator 10 changes to the high
level, only when the N-bit digital signal levels supplied
through the input terminal 25 have a tendency of increase

30 or decrease on the time axis. Therefore, the clock pulse
CLK is outputted by the AND circuit 12 only when the N-bit
digital signal levels to be processed have a tendency of
increase or decrease on the time axis.

Successively, the practical construction and the

35 operation of the transition state detector 52 will be
explained hereinbelow with reference to Figs. 8 and 9. The
clock pulse CLK transmitted by the AND circuit 12 of the



30 si gnal s; means for conducting a specific Iinear'

interpolation to the N-bit digital signals based on the di fferences
and the transition pattern signals; ‘and neans - for taking | east
significant (MN) bits fromthe" interpolated N-bit digital signals to
generate the (MN) 35 bit-additional signals. - The conducting
nmeans nmay conduct the I|near |nterpolai§on per four successive
transition points. - 9-
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|nterpolat|on signals for transition point group I ncl udi ng
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t he Jnterpo'ail(Fhﬁ%HEEﬂf%hé”Ehtput signal of the output terminal A>B of

the magnitude comparator 10 is supplied to a data terminal
5 of the DFF 13. Further, the output 89 (§hown in Fig. 9)
of the DFF 13 is suppliéd to an output terminal 35, a data
terminal of the DFF 14 and an exclusive-OR circuit 16,
respectively. The Q output 90 (shown in Fig. 9) of the DFF
14 is supplied to a data terminal of the DFF 15, the
10 exclusive-OR circuit' 16 and also another exclusive-OR
circuit 17. Further, the output 91 (shown in Fig. 9) of
the DFF 15 is supplied to the exclusive-OR circuit 17.

In response to the clock pulse CLK, the DFFs 13 to 15

read the levels of their data terminals. Further, since
15 the output signal of the output terminal A>B of the

magnitude comparator .10 of the transition point detector

51 is supplied to the data terminal of the DFF 13, the DFF

13 reads the output signal level (the high or low level)

of the output terminal A>B of the magnitude comparator 10,
20 whenever the clock pulse CLK is supplied.

Here, the fact that clock pulse CLK is being generated
indicates that the digital signals have a tendency of
increase or decrease on the time axis. In other words, if
the digital signal increases on the time axis when the

25 clock pulse CLK is being generated, the output'signal of
the output terminal A>B of the magnitude comparator 10 is
at the high level. In contrast with this, if the digital
signal decreases on the time axis when the clock pulse CLK
is being generated, the output signal of the output

30 terminal A>B of the magnitude comparator 10 is at the low
level.

Whenever the clock pulse CLK is supplied to the clock
terminal of the DFF 13, the signals supplied to the data
terminal of the DFF 13, thét is, the output signal of the

35 output terminal A>B of the magnitude comparator 10 is

"shifted to the data terminals of the DFFs 14 and 15 in
sequence. The outputs 89 and 90 (both shown in Fig. 9) of
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16 changes to the high level. That is, when the Q output
89 of the DFF 13 changes from the low level to the high
10 level and or vice versa, the output of the exclusive-or
circuit 16 changes to the high level for one-clock pulse
(CLK) period. ,In other words, the data indicative of the
extreme value -of the digital signal 81 can be obtained as
the high-level output signal of the exclusive-or circuit
15 16 being delayéd by a time corresponding to one clock.
Further, since the Q output 90 of the DFF 14 and the Q
outbut 91 of the DFF 15 are both inputted to the input
terminal of the exclusive-or circuit 17, the output of the
exclusive-or circuit 17 is a signal delayed by one clock
20 CLK from the output of the exclusive-or circuit 16. The
output signals of the exclusive-or circuits 16 and 17 are
transmitted to two output terminals 33 and 32, and used as
the position data indicative of the extreme value of the
'signal waveform in the additional signal generator 6 and
25 the delay control signal generator 8, as described in
further detail later. '

Successively, the construction and the operation of the
period detector 53 will be explained hereinbelow. The
clock pulse Pfs having a sampling frequency supplied to the

30 terminal 26 is also supplied to an address counter 18, as
shown in Fig. 8. The address counter 18 counts the clock
pulse Pfs, and gives the counted value to a data terminal
of a DFF 19 as an address signal.

The clock pulses CLK outputted by the AND circuit 12

35 are also supplied to the DFF 19 and DFFs 20 and 21.

" Therefore, the address signal supplied to the data terminal
of the DFF 19 is read by the DFF 19, whenever the clock
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The address signals outputted by the DFF 19 to 21 are

transmitted to output terminals 27, 30 and 31,
respectively. Further, the address signgls outputted by
the DFF 19 and 20 are supplied to a éuptracter 22.
Further, the address signals outputted by the DFF 20 and
21 are supplied to another subtfacter 23.

Two output values N1 and N2 of the subtracters 22 and
23 indicate-é difference between the address values of the
two adjacent clock pulses CLK on the time axis. However,
since the addr?ss counter 18 counts the clock pulses Pfs
having the sampling period as already explained, the
numerical values of the output values N1 and N2 from the
two subtracters 22 and 23 are a numerical value indicative
of a multiple of the period between two adjacent clock
pulées on the time axis to the sampling perioa Ts (how many
times the period between the two adjacent clock pulses CLK
is longer than the sampling period Ts). )

The two output values N1 and N2 of the subtracters 22
and 23 are transmitted to the output terminals 28 and 36,
respectively, and further to a comparator 24. The
comparator 24 compares the two values N1 and N2 and
transmits the smaller one of the values N1 and N2 to an
output terminal 29 as a value Ns. If the two values N1 and
N2 are equal to each other, the comparator 24 transmits the
N1 to the output terminal 29 as the value Ns.

With reference to Fig. 10, the practical construction
of the additional signal generator 6 will be explained
hereinbelow. In Fig. 10, a waveform data generator 48
generates the waveform data at the extreme value period.
In this waveform data generator 48 is provided with a
waveform data generating ROM (not shown) for previously
storing a series of the (M-N)-bit additional signals (m-n)'
as shown in Figs. 3A to 6B.

Further, an arithmetic-unit 49 divides the one LSB
value of the N-bit digital signals by the numerical value
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a waveform data generator 54 for generates the waveform
data of the additional signals other than those at the
10 extreme value periods. A control circuit 55 is composed
of a microprocessor, a random access memory (RAM); a read
only memory (R%M), etc.
To the waveform data generator 48, the numerical wvalue
N1 (the output value N1 of the subtracter 22 of Fig. 8) is
15 supplied from the output terminal 28 of the detector 5 of
Fig. 8 through an input terminal 37, and further the signal
indicative of the.extreme value period is supplied from the
output terminal 33 of the detector 5 to an input terminal
38. The ROM for generating waveform data (provided in the
20 waveform data generator 48) stores the waveform data for
the additional signals so that the rectangular area -
indicative of the extreme value can be roughly equalized
to the area of the bit-transformed extreme value. The
numerical walue N1 is supplied to the waveform data
25 generator 48 as the address data, and the waveform data
generator 48 zreads the (M-N)-bit additional signal
predetermined in correspondence to the period length at the
extreme value period from the ROM. The read additional
signal is supplied from the waveform generator 48 to a
30 selector 57. _
In other words, when the signal indicative of the
extreme value period (supplied to the input terminal 38)
is at [1], the numerical value N1 indicative of the period
length of the extreme valué périod is used as the address
35 data, in ordef that the predetermined (M-N)-bit additional
"signal (S(m-n)' as shown in Figs. 3A to 6B and Fig. 11C
corresponding to the extreme value period can be outputted



i nvention will be described hereinbelow with reference to. - the attached

drawi ngs. First, the case will be expl ai ned ~ where Mbit codes are
obtained with bit-transfornmation of N-bit codes (where M>N) obtai ned
by converting an anal og 30 si gnal into digital signals on the basis of a
resolution of 1/2[err]. In the.srgnal processi ng net hod and
apparatus accordi ng to the present |nvgﬁ;|on when t he-val ues of the
N- bi t codes increase or decrease in sequence on the tine axis, 35

the length of perrem thadkem! edriirdie %'-Emﬁ?x% gf.csapn! {99%ue perPE&! O ce

during which N—blh coge v%lues cont i nue
e signal [1] lndlcatlve of the extreme value period is

supplied to the selector 57 through the 1nput ‘terminal 38,
the (M N)-bit additional signals outputted by the waveform

5 data generator 48 are transmitted to the output terminal
47 via the selectbr 57 and an OR circuit.59.

The arithmetic unit 49 calculates L/Ns by use of the
numerical value Ns (the output value Ns of the comparator
24 of Fig. 8) supplied through an input terminal 39. On

10 the basis of this calculation, an average value of the step
sizes of the additional signals between the adjacent
samples in th% extreme value period can be decided. The
calculated result is supplied to the waveform data
generator 54.

15 To the waveform generator 54, the transition detection
sigpal (the output signal 89 of the DFF 13 shown in Fig.
9) is supplied from the output terminal 35 of the detector
5 through an input terminal 40. This transition detection
signal is at [1]'when the N-bit codes increase in sequence

20 on the time axis but at [0] when decreases in sequence on
the time axis. Therefore, the waveform generator 54
discriminates whether the N-bit codés increase or decrease
in sequence on the time axis on the basis of this
transition detection signal, and changes the modes of the

25 waveform data generation. . ’

Figs. 12A to 12C show the way how to generate the
waveform data other than at the extreme value.periods from
the waveform data generator 54, when the transition
detection signal of level [1] is supplied to the waveform

30 data generator 54, that is, when the N-bit codes have a
tendency of sequential increase on the time axis.

In Fig. 12A, the period length during which the signal
level is [D1] is N1, and the adjacent period length during
which the signal 1level is [D2] is N2. Here, the

35 relationship;petween the period lengths N1 and N2 is N1>N2,

" for instance. In this case, the numerical vaiue Ns
supplied from the comparator 24 of the detector 5 through



constant level is conpared with the length of adjacent . period during
whi‘ch N-bit code val ues continue also at a - constant | evel.

Further, when a difference in N-bit code value between 5 the two

.adj acent periods is one LSB and further. when the . lengths of the two
periods are different fromeach other, " (M N)-bit additional signals
are generated in such a way that an N-pjt value at a mdpoint of the
shorter periqQd of the two adj acent peri‘ods can be connected to an
N-bit value 10 ' r I f I er | 'qel _of: h O
where the dist angg’bf ?g%btn%etgg#‘gé?gb%%%n the Bt\%g{d g?ﬁeoggbn% {:--&?Igﬁﬁﬁg 88
ni dpoi nt equal s ©F tHi&di 59 ak€eNBr omEheFi@ar 48R, t #he numerd cattheralg niis

The additional si(gn@) geneeat glias indicHess’ thae 2heVRUKBeRAUILILthE &N6ck
N-bit codes so tha& t he ~bit codes can be generated. Further_ in

15 : .
the case of the P4 seﬁeP¥%d9§PeﬁﬂFeﬁ EATVeBRR E8BBLiRgr PREHBACTE oSNNS -
extrene I dS ( mexi muPuetheni mrﬁig/.a:cmes,, Q:Nél\%obgéllrapt&:}]ﬁml[s Bégﬁegg the
‘previously deterpne ; er IS at_perip engt.h - re ed to
the N-bit codes ?8'% t ﬁ%?g?ﬁg R’Eﬁ tancqg(jj—g?qcéﬁ (%Slg%%t%%rpé’r gPea‘.iarﬁﬁgt%% ue
ot her hand, whensappilfiedr dinom | thel outputbiterpdaaly 3Qecobethecdettesttom 5
adj acent peri ods 4 g : LSB, ( o] | td | S
are generated th%é)[ggge?(&:]r ilggélttatt}%\%gﬁg%lt %’?'as%dr\#)?%ztd ?%%Z ét‘ﬂ%%??*%?%ce
in code value i sYorRE L9 BRELeRe (§ederi® dpatgnatedhaby an address value

10 supplied from the output terminal 27 of the detector 5

through an input terminal 43. Further, the start position
a of the peripd [D1] is designatéd-by an address wvalue
supplied from the output terminal»31 of the detector 5
through an input terminal 45. Since being provided with

15 the memory and the arithmetic unit, the waveform data
generator 54 generates the additional signals having the
values L(I) expressed by the following formulae at the
respective 16 positions from 0, 1, 2, .., 16 determined for
each sampling period betweén the Ns/2 position at the

20 period [Dl] and the Ns/2 position at the period [D2].
Here, if L denotes the one LSB of the N bits and I denotes
0, 1, 2, .. Ns, and further when I < Ns/2, the following
formula can be decided:

L(I) = I x L /Ns (1)
25 Further, when Is 2 Ns/2, the following formula can be
decided: '
L(I) = I xL /Ns - L (2)

On the basis of the above-mentioned definition, the

additional Signal as shown in Fig. 12B can be obtained.

30 When the additional signal is added to the digital signal

to which [0] of the (M-N) bits are,added to the least

significant bit of the original N-bit digital signal, the
signal waveform as shown in Fig. 12C can be cobtained. _Aé_'

a result, the signal waveform of the original N-bit digitai

-35 - signal at the two adjacent periods [D1l] and [D2] so far

expressed by K2 »‘K3~e_K¢"a-K5 - K6 - K7 - K8 can be



25 "signals are added to the N-bit codes. - Figs. 2A and 2B show .

M bit codes generated by adding the (MN)-bi-t additional signals to-
the | east significant bit of the Nbit codes, by way of exanple. In
Fig. 2A the lines Sn represent the codes’ whose nunber of bits are not
30 yet transforned and the |ines Sn1shom1generated M bi t codes. In
Fig.. 2B, the lines S(mn) represent the (M ' bit additional signals.
In the signal processing nethod and apparat us accordlng to the present
i nvention, when I $5C le i_n qy e,

the tinme axis, t%ggn%%?oﬁo gﬂgswé‘?&fgﬁgéél)ng%l c%él&h%?%@blt Iﬁ%degg%f ﬁ{?e
sane val ue contlﬁu§ (e.g., the period length between a and b in Fig
2A) is _ On the other hand, when the trandtion detection signal

[0] is supplied to the waveform data generator 54, that is,
5 ) when the N-bit digital signal values decrease on the time
axis in seqﬁence, the additional signal values are as
follows:
when I < Ns/2, the following formula can be decided:

L(I) = (Ns -~ I) x L/Ns - L - (3)
10 Further, when I > Ns/2, the following formula can be
decided: ' . '
L(I) = (Ns;- 1) x L/Ns (4)

In Fig. 10, the additional signals obtained as
described above are stored in sequence in the memory
15 provided in the waveform data generator 54. The (M-N)-bit
additional signals read from the memory under control
operation of the controller 55 are given to a selector 58.
On the other hand, the signal indicative of the extreme
period is supplied from the output terminal 33 of the
20 detector 5 of Fig. 8 to the input terminal 38. When this
signal is at [0], that is, when the periods are those other
thah‘the extreme value period, the output of an inverter
56 changes to [1], and this signal is then given to the
selector 58. As a result, the (M-N)-bit additional signals
25 generated by the waveform data generator 54 are transmitted
to the output terminal 47 via the selector 58 and the OR
circuit 59. -
When the one of the two adjacent same-level periods is
the extreme value period, a control signal is generated by
30 the controller 55 on the basis of the data indicative of
the extreme value period and supplied to the:contfoller 55
through the input terminal 38. In response to this control
signal, the waveform data generator 54 1nh1h1ts the;*z3

calculation results of the two periods lncludlng:
35 extreme value.perlod.from belng glven from the Waveh
data generator 54 to the selector 58.. '



conpared with the adjacent period (e.g., the period length .  between c °
and d in Fig. 2A). \Wen the two adjacent periods are the sane in

| ength, an additional signal is generated in such a way that two

m dpoi nts of the two adjacent 5 peri ods can be connected to each ot her
by aline. In other - words, when the period | ength between a and b is
the same - as that between c and d, the _3gditional signal is generated .
in such a way that the mdpoint h of the period bet ween a’ ~and b can be .

connected to the m dpai pigli 9f tﬁe mtwdbie ad@féﬂ&%u Cs fdta s Nyerdetd Hi€a
On.the ot her hangxl en- t.he perlg he two adj a eriod le ths
e

are different fr &h 3GPR&O 51gna a@&PFF@ﬁ& Gﬁﬁ 4P AR
such a way that addékrbitvia tha/adaﬂabﬂeadendywi&cmittme Ther’ aeldepemami@f

the two ‘15 adj e c N Rt a

anot her poi nt o{‘ %g’%e %ﬁ%leé)rq%%rl &5‘%15 2R %t%?\gg&’equi % gltgi S}‘/&ﬂ%?% cie.']eayed
-di st ance fréh1tthberden8benue§nmehehrmngpeth@dﬁelay circuife 3u dpoioutput
equal's to the di ghanGe g0 ”g&§§t293r§£ ©an dn% h?rQFQ%EepO' ﬁﬁé& £

in Fig. 2A, since the perio bet en onger t an t eriod
between ¢ and d, exeCUtﬁﬁ a‘éi?ﬁtaéﬁa-rtl§Pgn9¢l¢'é1©’e¥@Path@i:ﬂe@nsu*éhea @%q/l'@%t

t he m dpoi nkignalst pebeashed gg; talaalﬁaor[bqr e RBieh (FEINVERLtE to tidd
d is connected tg the poinf_ 1 of th n% od
ast significant blt of —blt digital s1gn§ls) and the

10 M-bit digital signals (obtained by inserting [0] of the N-
bits between the most significant bit and the second-to-
most significa?t bit of the generated (M-N)-bit additional

signals).
The variable delay circuit 7 delays the (M-N)-bit
15 additional signals by a necessary time to match the

addition timing in relation to the N-bit digital signals
to Be added. Further, a random access memory (RAM) can be
used as the variable delay circuit 7. Further, the (M-N)-
bit additional signals can be delayed by a desired

20 predetermined time by controlling the write and réad

" timings in and from the RAM. The predetermined delay time

- rate given to the additional signal can be determined on
the basis of the delay control signal generated by the
delay control signal generator 8.

25 Fig. 13 shows the relationship in Fig. 7 among the N-
bit digital signals S supplied to the input terminal 1, the
N-bit digital signals Sd delayed by a predetermined time
by the delay circuit 3, the (M-N)-bit additional signals
Sa delayed by a predetermined time by the variable delay

30 circuit 7, and the M-bit transformed digital signals.in the
form of analog manner. The reference symbols shown a to
h in Fig. 13 are attached to clarify the time relationship
between the respective waveforms. Further, the stépwiséf3
waveform Sa' represents the calculated value of I x'L/Nse

35 obtained before one LSB value (L) of the N-bits is

* subtracted i; the formula (2).
The delay control signal generator 8 of Fig. 7



|l ength between e and f. The I ength between i and the 25 boarder d :
equal s the Iength between the boarder e and 1 Further, in the case.
of the period at which the Mbit codes indicate an extrene val ue,
(MN)-bit additional - signals previously deternmi ned on the basis .of
that period -~ length are added to the N-bit codes, to generate M bit
codes. 30 Figs. 3A and 6B show a serng_of the N-bit codes Sn'.

the generated Mbit codes Sm and the additional signals S(n}n) in a

form of anal og Sbﬁﬂéﬁlbﬁe§u%head@$é§r%ﬁméhgo be FEFPdLbeRENS MY 19 £ he
maxi mum val ues corresg to qQne anpl ing period (I Ts) to 16 sanpling
periods (16Ts). } °n§‘}|oﬁﬁd?ﬁ F’i"g§h%§3a$¥£§ of ¥AgicHS (WERYIdisigals

si gnal S (maﬂ‘):putﬁe@eltﬁﬁ:'ahgﬂ ithes Usitputvayethdhal BE 27ect®Ng6| ¥f the -
areaﬂof the nﬁxigg@gggg%ign(gggppesh Lfgg 5%&52 éfktg¥%nsmitted through
5 the butput terminal 34, the Ns value transmitted through
the output terminal 29, the”bqrdér'positibn address value
between the two periods transmitted through the output
terminal 30, the period.length data of the extreme value
period transmitted from the output terminal 28, the daté
10  indicative of the extreme value period transmitted from the
- output terminal 33, the address value of the start position
of the period §nd the clock pulse Pfs transmitted from the
terminal 31, etc.). The generated delay control signal
is given to the variable delay circuit 7.J
15 A second embodiment of the signal processing method and
apparatus according to the present invention will be
deséribed hereinbelow with reference to Figs. 14 to 26.
Fig. 14 is a block diagram showing an exemplary
construction of the second embodiment of the signal
. 20 processing apparatus by which the signal processing method
. according to the present invention can be realized.
Further, Fig. 15 shows a practical construction example of
a discriminator 105 shown in Fig. 14.
In Fig. 14, the reference numeral 101 denotes an input
25 terminal of the N-bit codes (N-bit digital signals) to be
' processed. In the case where the N-bit digital signals are
of serial data, a serial-parallel converter is provided at
the front stage of the input terminal 101.
In Fig. 14, the N-bit digital signals supplied to the
30 input terminal 101 are supplied to a delay circuit 103 and
to the discriminator 105. On the other hand, clock pulses
Pfs having the sampling frequency of the digital s1gnals
are supplied to the discriminator 105 through an lnput”
terminal 107. BN

35 The dlsg;iminator 105 discriminates the signal --...-.
" transition pattern’ of the..N-bit digital signals to be .

processed, and transmits the discriminated result to an



-13- - - region of the Mbit code Sm corresponding to the maxi mum
val'ue. Further, since the N-bit code includes an error of - 0.5 LSB,
as already explained, it is also possible to genéerate the additional
signal S(mn)' in such a way that 5 = the rectangul ar area-of the extrene
portion whose hei ght changes within-a range of -~ 0.5 LSB becomes -
roughly equal - - to the area of the Jggon of the Mbit code"
(Sm correspondi ng to the maxi num val ue. B Fig. 7 shows an

exanpl e of the sagaaltlahagesagaml en@ap@edslat udshy V\thh:hTé”lebééﬂga'of the
processi ng nethog accord ng |nveqt n can he realized.
In Fig. 7, the lsc§f"8ﬁ3f“ ﬁ?oc?@ssg‘ﬂ“r’fgg a%gaﬁ'z‘ﬁlss’r% d&ZaRSHEILR RIktREN 3
havi ng a fixedlysappldeﬂaﬁr@mrmheaﬂlsnhhminatcr debecthe 5dd1tloﬁa& signal

o o ner ot orBaE-aRES 9bo! "ExgbdPal \BYEAOEIRNs Ay Tt ACFULLANY' ¢o

si gnal ‘generator genera ng an signa
(where M> 9, ageaﬁrabeetheléw-ﬁorbmttaddltlonaan@l&n@dsay(ﬂhﬁrthaa@ﬁmJ

generator 8. aqasitibfiall Sigrfal ﬁe}]sﬁgg?.g%thorbg&?@géﬁﬁ%prO'fﬁésﬁi’d

supplied to the del ay CIFCUIt an i npu

termnal 1.  Af&8f Weﬂﬂﬁhgtbéerﬂ"b'él)a@éﬁ b@d@tlonabrééépéﬂ-mmdtbéns“i'ahﬂt
time by the del amghtaml tsindie bas the biLbdtgidd¥radfiiiinhar oS UPiRYn&A

to the adder 4. s:.gn:.f:x.cant bits of the M bits), and the obtained M-bit

10 digital signals are outputted through an output terminal
102. : '

With refer$nce to Figs. 16A to 22, the construction and
the operation of the second embodiment of the present
invention will be explained hereinbelow.

15 Fig. 16A shows the digital values of the N-bit digital
signals in the form of analog manner, in which the
resbective time points t1, t2, t3, .. indicate the
sequential sampling points and Ts indicates the sampling
period. Till the time point t2, the same digital wvalues

20 are kept, and the digital wvalue varies markedly at time
point t3. This timing point t3 is referred to as a
transition point. The digital value does not vary between
the time points from t3 to t7, however, the digital wvalue
has a tendency to increase from the time point t3 to time

25 point t26. On the other hand, the digital wvalue has a
tendency to decrease from time t33 to time point t48. That
is, the digital value will not vary between the transition
point and the succeeding transition point.

Fig. 16B shows the waveform obtained by restricting the

30 transition rate at the transition points shown in Fig. 16A
down to the value corresponding to the one LSB of the N-bit
digital signals. In Fig. 16B, when the digital value
increases at each transition point, 'I:he_ point is
represented by [1] and when decreases, the point is

35 represented b¥ [0]. |

Here, tﬂe transition. status of the contimiousl‘ )
transition points from hl to h4 (shown in Fig. 16A) can be



detector 5 detects data related to the waveform change. =~ nodes and the
wavef orm change periods of the N-bit digital 25 signals supplied through
the input terminal 1. = The detected these data are supplied-to the:
“addi tional si-gnal - generator 6 and then to the variable delay circuit
7. . According to the change nodes and the change periods of

t he signal waveforns of the N-bi't digital S|2gnal s, the 30 addi ti onal
-si-gnal. generator 6 generates.the (MN)-bit addi tional si ghal s, and

the generat ed adflé%;fagéhtéagﬂﬁl B1l, (18] e[wentigppl ired the %é/%falyabl@ne
delay circuit er wor ds additional signal generator.

gener at es t ey FiPa ey e §h&e §EP’°E}B&°P§t EFangltirni pRRES Esd °m |
whet her the si gna2 eevabor(shawicrienseips IEx) e@éﬁ bé represefitedCc®yOr[1],
shether the peri pl! engtfh dyghing whgh S oeneS! HRh, "OKSLE BAAY AN
5 transition points on the time axis can take 16 different .
patterns in all as 0000, 0001, 0010, 0011, 0100, 0101,
- 0110, 0111, 1000, 1001, 1010, 1611, 1100, 1101, 1110, 1111.
In the present invention, the transition point patterns of
the digital values are detected, and appropriate additional
10 - signals are generated according to the detected results.
With reference to Fig. 15, the practical construction
and the opera'tlon of the discriminator 105 will be
explained in further detail hereinbelow. In Fig. 15, the
discriminator 105 is composed of an extrector 151 for
15 extracting the transition points of the signal waveform,
a pattern extractor 152 for extracting the transition point
pat:tern of the signal waveform, an address generator 153
for detecting an address of the transition point of the
sighal waveform, and a pattern disc:_r.'iminetor 154 for
20 discriminating the transition pattern. The N-bit digital
signals to be processed are supplied to the input terminal
101 (the same as the input terminal 101 shown in Fig. 14).
The clock pulses Pfs are supplied to the input terminal
107. The clock pulses Pfs have a frequency the same as the
25 sampling frequency used when the N-bit digital signals are
generated.  When the digital signals are audio digital
signals, the frequency of the clock pulse signals Pfs is
44.1 KHz or 48KHz, for instance.
The digital signals supplied to the extractor 151
30 through the input terminal 101 are given to an A-input
terminal of a magnitude comparator 109, a data terminal of
a DFF 108, and an A-input terminal of a comparator '110'..-
Further, the clock pulses Pfs are given to a clock term:r.nal
of the DFF 108 through the input terminal 107. The DFF 108
35 delays the d:.g:.tal signals by one sampling period and
- outputs the delayed digital signals from a Q term:.nal'
thereof. The digital signals outputted by the DFF 108 are



-14- - in the two adjacent periods or whether the change of the

si gnal waveform indicates the extrenme point. ' The vari abl e del ay
circuit 7. generates a tine del ay required to add the generated
additional signal to the 5 = least significant bit of the corresponding
N-bit codes. - The rate of the generated time delay is controlled by a
del ay control signal outputted by the del ay ontrol si gnal gener at or
8. In nore detail, the delay control S|gnaF generator 8 generates a

delay control si gaabl_ﬁzedt{'@ é)abillzuopépc a:e‘ifmlh'%& Sie9pRL M‘Q%rﬁi%%%f =5 Eg@éla

t he signal wavefor , and the si change
peri od datalgpla§9pﬁ|?eHnBVttHQIEE@%%tQﬁ EheeﬂﬁmEﬂﬁﬁﬁqﬁsl¥%e

generat ed del ay conttgé ﬁééﬁi&udélééﬁbéﬁﬁﬂdﬂﬂﬂQQd%bﬁﬁares tBedlte Tof Mhe
The adder 4 adds tge N- bi § d*A ta nals to rocessed del ayed by
4$tqnﬁ

the del ay circui N-31Fs34gtt ppll&ﬂdtPFSng E AT RREF SRFFRRY he
vari abl e delsay citieHithe valdé o&ndhérmabimtdigﬂﬁalrG&&blanéuﬁbiﬁédchﬂﬁdﬁﬁh
signal s thrgﬁgh an. ou Et ter naI ref

Figs. 8 and 9 Fe fndl c%l?ﬁ%?r%ﬁlo?}‘é%ao%p%t}eatl o?el t‘%aeta

detector 5 will Beis larger than that. of the digital data B, only the

output terminal A>B is set to the higﬁ level. At this

time, the‘other output terminals A<B and the terminal A=B

10 are set to the low level. Further, when the valﬁe of the
digital data A is equal to that of the digital data B, only

.the output ter$inal A=B is set to the high level. At this

. time, the other output terminals A>B and the terminal A<B

are set to the low level. Further, when the wvalue of the

15  digital data B is larger than that of the digital data A,
only the output terminal A<B is set to the high level. At

thie time, the other output terminals A>B and the terminal

A=B are set to the low level.

The comparator 110 compares the value of the digital

20 data A supplied through the A-input terminal with the value

of the digital data B supplied through the B-input terminal
being delayed by one sampling time. When the wvalue of the -
digital data A is larger than the value of the digital data

B, that is, when the transition points indicate an increase

25 status in Figs. 16A and 16B, a logical value ([1] is

generated,.irrespective of the increase rate. Further,

when the value of the digital data B is larger than the
value of the digital data A, that is, when the transition

points indicate a decrease status in Figs. 16A and 16B, a

30 logical value [0] is generated, irrespective of the

decrease rate. The output of the comparator 110 is
supplied to the data terminal of a DFF 114 of the pattern
extractor 152. | .

The outputs of the terminals A>B and A<B of the

35 magnitude comparator 109 are supplied to an OR circuit 11l.
* The output oE the OR circuit 111 is set to the high level
.when any one of the outputs of the:oufput'terminals:A>B and



'explained I n nor
conposed ‘of ‘a tr
poi nts of the si

e detail hereinbelow.  In Fig. 8 the detector 5 is_'
ansition point detector 51 for detecting transition -
gnal waveforns, 25 a transition state detector 52 for

generating a signal ~ indicative of the transition state of the signal
wavef orm and an interval detector 53 feor detecting the intervals-
between the transition points of the signal.pgaveform The N-bit

digital -signals
of the detector

termnal 26. As

sane as the

to be processed are supplied-to an 30 input termnal 25
Acpand getleskenwlggylevel. TheSHiRpu€dsignanobhetnd nimit

AP nf Eh 4 ERPPIEE HooRmu (HEMIG (42 i R then, o

processed are getheastghals Bfed. ate shpplried vdetlve tAND EirceigilEd as a

signals to be pr
of 44.1 -KHz, for
5

10°

15

SE8T87 0 LU PUESE aps, AN LG BSY
same frequency as that of the clock pulses Pfs but 180-
degrees out of phase from the clock pulses.Pfs. Therefore,
whenever the N-bit digital sigﬁal values vary, the AND -
circuit 112 outputs a clock pulse CLK at the timing of the

gate pulse Pfs'. The clock pulses CLK outputted by the AND

- circuit 112 are supplied to clock terminals of DFFs 114 to

117 of the pattern extractor 152 and clock terminals of
DFFs 118 to 12} of the address generator 153.

An address signals (data) outputted by an address
counter 113 are supplied to a data terminal of the DFF 118
of the address generator 153. Therefore, whenever the

_clock pulse CLK outputted by the AND circuit 112 is at the

20

25

30

35

high level, the DFF 118 reads the address value at the
transition point from the data terminal thereof. The
address value read by the DFF 118 is shifted through the
DFFs. 119 to 121 in sequence, whenever the clock pulse CLK
varies to the high level. The address values outputted
through the DFFs 118 to 121 are given to the pattern
discriminator . 154.

The DFFs 114 to 117 of the pattern extractor 152 shift
the logical wvalue outputted by the comparator 110 in
sequence in accordance with the clock pulses CLK. Further,
the DFFs 114 to 117 output a logical value [1] or [0] in
correspondence to the transition in increase or decrease
of the digital wvalue of the digital signal on the time
axis, to the Q outputs thereof. The logical wvalue pattern
obtained by these ocutputs is any one of the 16 typeé in all
as 0000, oOOO1, 0010, OO11, O100, O101, 0110, 0111, 1000,
1001, 1010, 1011, 1100, 1101, 1110, and 1111. The outputs
of the DFFs 114 to 117 are supplied to the pattern
discriminator 154.

The pattern discriminator 154 is provided with 16 match
cifcuits.(not.shqwn}'correspondingtto the above-mentioned



The N-bit digital signals 81 (as shown in Fig. 9) -  “supplied through t he

I.nput termnal 25 are given to an A- I nput term nal of a magnitude
conparator 10 and a data = termnal of a D-type flip-flop (DFF) 9 01
‘the other hand, 5 the clock pulse Pfs (as shown by 82 in Fig. 9) '
given to a clock terminal of the DFF 9.- Further, the output si gnal :
‘of 'a Qternmnal of the DFF 9 is supplied txg@ B-i nput termnal of the
magni t ude conparator 10. : On the basis of the clock ‘pul se Pfs

ﬁfgpl ied todt he 115|0 pataiemk; terrmeaal éef ma’aeh%dEraultbelﬁ)FEo‘aaned:@yﬁeéb@nd
It |g|ta g sup ired.to the data.termn

sanpl i ng peri od.* ﬁg ﬁ%{ﬂ JErHSE L %F%?"f‘%‘li %gé:ﬁg\%g.na)élon[soof.h:gour
B-input term naltrahsb.l'ba.omgmmﬁréedeveihapaﬂoin1§equence on' the margelanﬁe
conparator 10 c I g I

term nal thereo %[%ahdgef%ﬁt E%Ieds ”ﬁle nac?mﬁpa%"]’%ﬂf tﬁgefﬁé% np
term nal tHereoby Wi combipnatiahge Qf thbedl ypgiaradi graluesi satargeur
~than that of ali3g tdlog- &ﬂm%ggrgalveﬁ :.tnhesé@%ﬂ 83%&@% %%ﬁ&ﬁ&ié

out put term nal A>B to a _high-levél (as shown g
this time, anot®& R REFS eﬂﬁ* ngP ALB P§ $he tR?ttern extractor 132 are

discriminated by these 16 match circuits with respect to

the transition patterns. The four digit value is 1111 in

10 the case of four transition points hl to h4 or 0001 in the
case of four transition points h6 to h9 shown in Fig. 16a,
for instance. '

Whenever the transition poirits- apﬁear on the time axis
in sequence, at least one of the 16 match circuits of the

15 pattern discriminator 154 outputs a match signal. The
pattern discriminator 154 supplies a signal indicative of
the- types of +the predetermined transition pattern
corresponding to the match circuit now outputting a match
signal (e.g., a numeral wvalue set for the match circuit

20 which outputs the match signal) and the address data
indicative of the four transition points to the additional
signal generator 106 through the output terminal 122.

The additional signal generator 106 generates an
additional signal so that a predetermined interpolation can

25 - be made at the interval between the second and third
transition points, in accordance with the discriminated
transition point pattern of the 16 patterns and in relation
to the already executed interpolation at the interval
between the first and second transition points of the

30 transition point group of the first to third transition
points.

When the N-bit digital signals are transformed into M-
bit digital signals, the generated additional signals are
(M~N)-bit dign.tal signals.

35 The add:.t:.onal signals are such (M-N) ~-bit signals tha.t
*a linear lnterpolation can _be made for the waveform, as
shown in Fig. 16C. - In this waveform, the transition rates

an



a-low level (as shown by 85 in Fig. 9). Further, when the

the digital signal Ais equal to that of the digital
magni t ude conparator 10 sets an out put terminal A=B't
(as shown by 84 in Fig. 25 9) and the other output term
tothe low ~ level. Further, when the value of the dig
~larger than that of the digital signal A 14w nmagnitude

sets onty the output termnal A<Bto the hig | evel (
Fig. 9), and selsx Wi aikesi®dbhlbolflts ber #haahspieBaagdt
| evel . - The out put. signal s

: val ue of
signal B, the
o-a high level
nals A>B and A<B
iital -signal Bis
conpar at or 10 -
as shown by 85 in
AiBsignkhs how

and 85 of the, outpyt term:

83 al
A>B and A<B of (RPTREFNEIIESSMSarlthr AF dfhe RRRLodS UEHRY| 1?5 the -
excl usi ve- OR ci ndwearl interdpdlidtdion iidi@nade, tha paddbtioaal 88ighalbeare

out put termnal A>B._i uppl i ed 35_ _also.to a_data_terminal__af. a DFFL3. of
ordrtal W (§5e87a By tndhuhG) phBRpRl velnd of  bhe

t he change st at o)

t he “excl usi ve-OR

circuit 11 Thangeveform (shown in Fig. 16C) obtained by limiting the

10

15

20

- 25

30

35

transition rates at the transition points of the N-bit
digital signals down to'one LSB can'be equalized to the
integral value of the waveform (shown in Fig. 16D)
represented by the linearly—interpolafed. M-bit digital
signéls. The (M-N)-bit additional signals are the signals
having- amplitudes less than one LSB of the N-bit digital
signals. The ?enerated (M-N)-bit additional signals are
added to the N-bit digital signals.

The additional signals can be generated easily by use
of data indicative of the types of the transition patterns
as the address signals and further by outputting data
indicative of - predetermined additional signals from a ROM
table (not shown) provided in the additional signal
generator 106, for instance. i "

Figs. 17 to 24 show how to execute the linear
interpolation in accordance with the transition patterns.
The linear interpolation to be executed at the period
between the second and third transition points in a
transition point group is determined in relation to the
linear intefpolation already executed at the interval
between the first and second transition points of that
group. In each of these drawings, #1 to #4 represent four
continuous transition points on the time axis. Further,
the numeral arrangement, such as [1111], represents the
transition of digital values at the four transition points
of one transition point group developing in sequence on the
time axis, by use of logical values [1] and [0], where [1]
indicates an increase and [0] indicétés an decrease.

The repreéentation. of convex and concave in the
interpolatioqgmode columns between #1 and #2 and between:

‘#2 and #3 represent thét therinterpolation'modé is-convex:'

or concave (not linear) at the periods. Further, the



- 16- the high level (as shown by 86 in Fig. 9) when either one

of “the output signals 83 and 85 of the output terminal A>B and A<B of .
the magni tude conparator 85 changes to the high |l evel. 5

Furt her, -since the output S|gnals 83 and 85 .of the out put ternlnals
A>B and A<B of the nagnltude conparator .10 are not set to the high

| evel at the same time, -it is - possiblegho use an OR circuit, instead
of the exclusive-or circuit 11. 10 The out put S|gnal 86

(shown in Flgnuaéragé weg., 1 expl Usi ver O cd rdy t 311 éﬁcsyppiﬁedtﬁé)

one input term nal NDCII‘CUIt 12. Further, the pulsé Pfs'
shown by 871Pﬁerﬁla§}°ﬁ‘sm§‘é§pFPéHmﬂﬁ bREWEERe#Li ﬁﬁét #tZerqﬂquetween of -

the AND circuit $#2. dﬂﬁie#:ithﬁe Séntf Thalts ‘é‘l’x@mli‘heb'i ‘iheEipelabeofangs
frequency as the cloc%egul F but éﬁﬁ; r eg % out of phgse. fromthe

cl ock pul se Pfs. In Pﬁ hepnstiiftt FERTRSCHE8E PBePhbove, +he D

circuit 512 mutpnpslattbmaﬁocimbs&uﬁhl%éﬁ@eehm anyd 8§38 repfesents tHat

the-timng of t h%h@%fﬁeﬂ %.nte@yo\é.a%%% E. eng'gteaxé/c%lééeﬁs b%ttween #2 and #3.

Further, when the interpolation is executed at the period

including between #2 and #3, the interpolation is shown by

a dashed line. Further, when the interpolation is

10 executed at the period including between #1 and #2, the

interpolation is shown by a solid line. "

In each of'Figs. 17 to 24, only eight types of patterns

(1111, 1110, 1101, 1100, 1011, 1010, 1000, and 1001) are

shown as the combinations of the digital value transitions

15 (an increase or decrease of the digital values) at the four

transition points #1, #2, #3 and #4. However, the 16 types

of batterns already explained can be obtained by'combining

the above-mentioned eight patterns and other eight patterns

) (in which {1] and [0] are reversed in the numerical

20 arrangement in the above-mentioned eight patterns), in

practice it is possible to cope with the 16 types of

patterns by using only eight types of pattern data, as

shown in Figs. 17 to 24.

On the basis of the data indicative of the types of the

25 transition point patterns, the additional signal generator

106 of Fig. 14 decides the linear interpolation mode as

shown in Figs. 17 to 24, for instance, in correspondence

to the 1linear interpolation already-executed at the

interval between the first and second digital value

30 transition points of the present transition point group

composed of four transition points or in correspondence to

the linear interpolation already-executed at the: intervalnjgfg&;

between the second and third digital 'value 'tranSLtlon.

points of the preceding transition point group composed.ofr;.Qf”“

35 = four trans1t§9n points. The additional signal generator
“106 executes the 'calculations so that the (M-N)-bit
~additional signals corresponding - to the linear



20 the two adjacent N-bit digital signals spaced by one ' 'sanpling

. period are not equal to each other. The cl ock . pul se CLK out putted by
the AND circuit 12 i's supplied to a clock termnal of the DFF 13 and
also to clock termnals = of DFFs 14, 15, 19, 20 and 21 and further to
an output 25 -term nal 34, respectlvely, as-shown in Fig. 8. . As
under st ood above, one of the output tern nalgy.A>B and A<B of the -
magni t ude cofrparator 10 changes to the high | evel, only when the N-bit"

digital signal |§:Meéﬁp6!uaﬁibﬁddec1ded fH@@edﬁeédﬂaﬁbvbe&ahnaé FéndbyEed.
t endency of |ncrease 30

se on the tinme ax erefore, the
cl ock pul se Ps @ puf? t??éa%%?‘?cﬁ’f’tln'%z %‘if? Shefthe ¥ t
digital signal - Ieupbhed [oicae) i otheseﬁsltmﬁm:matt&mjemog ofo *thé | add Lesen 1
decrease on the veI the p ica
construction andg§%a§5§én%ﬁ%$%f 98 01Hc %%%‘sé} Pl gﬁes‘;i%?é Jd%%’é%?av%?f
will be 5 expthenctyprs eiafoetbey V\txans:etmrenc;@t@ﬂﬁsg,s 8Fanther, Thehe
clock pulse CLK %Eéﬁ§ﬂ¥i5§dp$&h%fﬁhﬁ%ﬂ%é& SECIR ré&u&&eﬁhfor calculation to

generate - the additional signals can be obtained by
calculating the mutual differences between the four
transition point address data. '

10 Figs.~'25A to 25D are diaérams for assistance in
explaining how to decide the interpolation line to be
obtained at.tpe interval between the second and third
digital wvalue transition points of one transition point
group. Figs. 25A to 25D show four typical transition

15 patterns formed by four transition points. In more detail,
Fig.'25A shows an example of the transition pattern in
whiéh digital wvalues at the four sequential transition
points increase monotonously. Fig. 25B shows another
example of the transition pattern in which digital values

20 at the four sequential transition points first increase
monotonously and then decrease. Fig. 25C shows another
example of the transition pattern in which digital values
at the four sequential transition points first increase and
at once decrease (convex). Fig. 25D shows the other

25 example of the traneition pattern in which digital values
at the four sequential transition points first increase,
keep a constant level, and then decrease.

In Figs. 25A to 25D, the linear interpolation to be
executed for each transition pattern is shown by an oblique

30 solid lines in the drawings. Further, in the drawings, #I1,
#2, #3 and #4 represent the first to fourth transition
points of the four continuous digital values on the time
axis, respectively. Further, an increase in digitéiivaﬁuei
at a transition point is represented by the logical valﬁe

35 [1] and a decrease of the dlgltal value at a transmtion
‘point is represented by the,loglcal value [0]. Further
the intervals between a and b, between c and d and between'



=17 tran5|t|on poi nt detector 51 is supplled to clock termnal s

of 'the DFFs 13 to 15 of the transition state detector 52, Further, the
out put signal of the output termnal A>B of -~ the nagnltude conparator
10 is supplied to a data termnal 5 - of the DFF 13. Further, the output
89 (shown in Fig. 9) . of the DFF 13 is supplied to ‘an output term nal
35, a data term nal of the DFF 14 and_gg_excl usive- OR circuit 16,
respectively. The Q output 90 (shown in Fig.. 9) of the DFF 14 is

supplied to a dq{;a miypaleg (%fregb%n'a':':tjé 0&% 1]%urt §C|E Ne- ggsglfl(lg:tl{l b 16

and al so anot her ex usi ve- clL.rcuit e out
(shown in Fig. EﬁrQﬁ01VlngtHR¥qyiF 15 is supplied to Ihe exclu5|ve OR

circuit 17. Filis ¥ eSRPNBEg t pdke ehackipubse 1 RkKr bmat%ﬁsbé%wégnﬁ
read the levels qof their data ternlnals Furt her, since E he out put

signal of the odtfitSEEPR nsFaASEtLent RRint #2and + Har EBﬁﬁQr é‘FéPSli:OOb‘f

the transitfon pminit S esdwrbe obtdinéd B¥PHhi 681igué hpisatae Legnbnal (ef
the DFF 13, the Dﬁ?

) obtalned by connecting a midpoint e between a and b

at the second transition point #2 with a midpoint £ between

c and d at the third transition point #3. Here, the height

difference between the two midpoints e and £ is equal to

10 one LSB of the 1/2N resolution. The gradient between the
interpolation line e - £ can be obtained by calculating (L
/bc), where bc ,denotes the distance between the transition

points #2 and #3 and L denotes the 1/2N-resolution or one
LSB. Further, the distance bc can be obtain_ed by a

15 difference in address value between the second and third
transition points #2 and #3. _

Secondly, in Fig. 25B, the linear interpolation between
the second and third transition points #2 and #3 can be
obtained by an oblique line e -» g. This oblique line is

20 a part of the line obtained by connecting a midpoint e
between a and b at the second transition point #2 with a
midpoint £ between ¢ and d at the third transition point
#3. The gradient between the interpolation line e -» g can
be obtained in the same way as with the case of the

25 inferpolation line between e and £ shown in Fig. 25A.

Successively, in the case of the transition pattern as
shown in Fig. 25C, a midpoint i between the transition
points #1 and #2 and a midpoint j between the transition
points #3 and #4 are both determined. Then, two lines im

30 and mj are obtained in such a way that the rectangular area

abch becomes equal to the triangular area imj having'a-base"_"3¢

line ij. Here, the height of the formed triangular imd.isJ_iffff

denoted by Hc. -
Since the area of the rectangle abch is 1 x ah, and the
35 area of the ‘triangle imj is (13 X Hc) /2, Hc can be
obtained as ’ |



13 reads the output signal level (the high or lowlevel) - of the output
termnal A>B of the nagnitude conparator. 10, 20 = whenever the clock pul se

CLK is supplied. Here, the fact that clock pulse CLK is being =
gener at ed i ndi cates that the digital signals have a tendency of

i ncrease or decrease on the tine axis. In other words, if - the digital
signal increases on the.tine axis when the_g5. clock pulse CLK is being
generated, the outputsignal of - = the output term nal A>B of the

magni t ude corrparatorlj;,f)ars (1 a; Hde i gh level. In contrast with this,
if the digital . e"ifé aﬂe ses on the time axis when the clock pulse
CLK Is being g rat J6’utput signal of the output 30 term nal

CGB of thehmaglnl tudesnmmeﬂtﬁ Poitd h.lslééatrhﬂ‘l @ﬂml: be?(tv#éé&ﬂthe 1:ran|si‘t:fionh
erever the c upplied.to the cloc terninal of the
DFF 13, the si g +{'L supglll e%“i #? 3R Sfurthey oFAPRE) Wtﬂgl&FJB"st Rat
is, the output ohifpoint bethwedh theutpantsi‘eicm el inteB #6f anfietdpgrtie wed ue

conmparator 10 isge Cansfyeft&glt%%]écbe ggi?%o% bQLIEh%PFfﬁeléd%%sjé

in sequence. The outputs and own 1n
' values of the transition points #1 to #4.

Here, two cases of Hc value can be considered as (1) Hc

is equal to or smaller than 1 and (2) Hc is larger than 1.

10 In the case where Hc is equal to or smaller than 1, the

position of the point m on the time axis, that is, the

position of the, point r is set to a point at which the line

ah is divided by a ratio of the interval length between the

transition points #1 and #2 and the interval length between

15 the transition points #3 and #4. In other words, the

period length (the number of sampling period -Ts) of the

line ar and the period length of the line rh can be
obtained as

ar ah x na /(na + ho)
20 rh = ah - ar
Therefore, the gradient of the line im and the gradient
of the line mj are as follows:
Gradient of line im = Hc /ir
Gradient of line mj = Hc /rj
25 Further, the period lengths of the lines ir and rj can
be obtained as
ir = (na /2) + ar
ij = (ho /2) + rh
Secondly, when Hc is larger than 1, the 1linear
30 interpolation is executed as shown in Fig. 25D. 1In Fig.
25D, the gradient of the line ip and the gradient of the
line qj can be obtained as follows:
Gradient of line ip = 1 /iu
Gradient of line qj 1 /vj
35 Further, the gradient of the line pq is 0.

Here, however, the points u and v shown in Fig. 23D are
determine_d by the points p and g in. such a way . that the



the DFFs 13 and 14 are supplied to the exclusive-or circuit . 16, and

further the outputs 90 and 91 (both shown in Fig.9) .of the DFFs 14 and
15 are supplied to the exclusive-or circuit 17. 5 - - As shown by 92
in Fig. 9, when the Qoutput 89 of the = DFF 13 and the Q output 90 of
the DFF 14 are different fron1 each other, the output signal of the

excl usive-or circuit - 16 changes to thejy4ﬁ1level That is, when the Q
out put - 89 of the DFF 13 changes fromthe |low |l evel-to the hlgh 10

I evel and or V|célmersegméﬂe;ﬂyhﬁubqﬂhlthe ﬁﬁéLlEﬂé“%éyment auCang Ufirdker

vords. the data FAfi saievEegPetRorh 5 efirinto thaciire FEEURE - S gna
81 can be obtai ned aE'urthert hthéi périedeclenythstosi theal lme$ﬁs.1mmlusjv:m0r
i, g EERERGHEER00 AR (8 oo
5 = X (na /2) = )
vj=2x(ho/2)=ho -
uv = ah - (na /2) - (ho /2)
As explained above, the transition patterns expressed~
by the four sequential transition points #1, #2, #3 and #4
10 can be limited to only 16 types in total of the eight types
as shown in Figs. 17 to 24 and the other eight types whose
transition patterns are opposite to those shown in Figs.
17 to 24. The llnear 1nterpolat10n pattern to be executed
at the interval between the second and third transition
15 points #2 and #3 (of the four transition points #1, #2, #3°
and #4) has four types for each of 16 types of the
transition patterns, as shown in Figs. 17 to 24 according
to the linear interpolation already executed at the
interval between the first and second transition points #1
20  and #2. In other words, although there exits 64 (16 x 4)
types of linear interpolation patterns in total, however,
the additional signal generator 106 can generate linear
interpolation data easily, for each transition point group
composed of four transition points, by the above-mentioned
25 calculatlons, as explained above with reference to Figs.
25A to 25D.
As shown in Fig. 26, the additional signal generator
106 is constructed by including an interpolator (memory and
micfoprocessor) 106a so that the linear interpolations as
30 described above can be executed and an additional signal
generating circuit 106bt ‘"The linear interpolation data
obtained by the calculation and shown in Fig. 16D'are
stored in the memory in sequence. The linear interpolation'
data represenf a signal waveform obtained by Ilinearly
35 interpolatlng the signal waveform as shown in Fig. iGC
-obtained under limitation of the transition rate at the
dlgital signal tran51tlon.points down to one LSB of the N-



output 91 of the DFF 15 are both inputted to the input term nal of the

exc¢lusive-or circuit 17, the output of the exclusive-or circuit 17 is"
‘a signal delayed by one clock 20 CLK fromthe output of the exclusive-or
circuit 16 "The out put signals of the exclusive-or circuits 16 and 17
are - “transmitted to two output termnals-33 and 32, and used as

t he position data indicative of the extrenggyal ue of the si gnal

waveformin the additional signal generator 6.and 25 t he del ay control

signal generatorpBy aBgiasar| Qggnhms Tl’fér'”aﬁﬁrlt‘i%tnﬁ'll LagRE1s can be
Successively, the construction and the operation of -~ period

detector 53 wi | |°BERERGR a%’he‘if‘%e?“?-ﬂ:‘rﬂ)’tﬂw signsd genqugg}g [Sii-lré%uljf 406b

havi Ing 3 sanpl i rtg;af taRiagC \oul Piheé eleke tshgniﬁlcaher M- )’ gﬁlti alrgg the
supplied to an [ ess nter.,18. as 0 Ln,Fig. 8. T r
counter 18 counts the- CT'%g?rPOlaéi% I%%tﬁfgu%%‘ﬁ)é@ﬁ‘?vég gﬁ‘guggﬁﬁt ﬁ%a&i’@
a data ternbnal interpolati®@FEireudd dfb6addrteissh &lsghml-N)-blt digifake dd'uax:k

pul ses CLK outp % %y%,licilﬁ,f\“ﬂ% %rrr%‘ﬁ %35%e aéfotl?é'ﬁmdﬁg te% o

DFF 19 and DFFs hereftore ress signal supp |
the data term na$19’nals a$ ShWIDRM [Bid s Yaad by the DFF 19, whenever the

cl ock - The generated additional signals are supplied to the
' adder 104 of Fig. 14. To the adder 104, N-bit digital

10 signals delayed by a predetermined - time by the delay
circuit 103 are also supplied. Therefore, the adder 104

adds the additi.'onal signals to the original digital signals

as the less significant bits, so that the added M-bit
digital signals are to be outputted. The delay time of the

15 delay circuit 103 is determined in such a way that the
corresponding additional signals can be added to the N-bit
digital signals supplied through the input terminal 101.

As described above, when the generated additional

signals are supplied to the adder 104, it is possible to

20 obtain the M-bit digital data from the adder 104. Without
being limited only thereto, however, it is also preferable

to smooth the linearly interpolated data over a plurality

of samples through a smoother 106c, as shown in Fig. 27.

A smoother 106c is interposed between the interpolator 106a

25 and an additional signal generating circuit 106b', to
smooth the 1linearly interpolated data supplied by the
interpolator 106a and further to supply the smoothed
interpolated data to the additional signal generating
circuit 106b'. That is, the additional signal generating

30 circuit 106b' generates t_hé (M-N)-bit additional signals
on the basis of the smoothed interpolation data, and

supplies the generated additional signals to the adder 104

of Fig. 14. _

In more detail, when the sequential liner interpo]’."a-tj.on

35 data are D1, D2, D3, D4. D5, D6. D7, ..., the linear

'interpolatio:; data D2 is determined as (D1+D2+D3) /3 and

the linear interpolation data D3 is determined as



-19- pul se- CLK is generated and further transferred to the DFFS
20'and 21 in sequence. The address signals outputted by the DFF
19 to 21 are transmtted to output’ terminals 27, 30 and 31, 5
respectively. Further, the address signals outputted by = the DFF 19
-and 20 are supplied to a subtracter 22. . Further, the address signals
out putted by the BFF 20 and 21 are sugglled to another subtracter 23.
Two out put values N1 and N2 of the subtracters 22 and 10. 23 indicate a

diiference bet WADRIDBIAINIT DS 868 UBEs@indd® 1In otﬁée RgkasenbnChotkage
pul ses CLK on the .tine si nc e dress counter 18
counts the cl ocK¥iit ég?é?§’llnearh&ﬂqﬁfﬂﬂ¥§ %@ﬁ& 5@F‘53r§§ SPPRA4P
expl ai ned, the perlod"&m'ﬁsl Caded/abigestiné - Uigeditt pihtyapbatibnargat® faam
the-15 two SUbé ucetnecres. 22 aﬂ% 23deasrcer:l. en rreg g‘e}ela’vala%eceirndig]@eti Viinear
5 interpolation data have been smoothed, predetermined (M:N )=
bit data are taken out. . “
Fig. 28 shows'thé‘case'where the average value of the
. linear interpolation data for four sequential sampling
periods is used as the linear interpolation data for the
10 sequential sampling period, by way of example. In Fig. 28,
the interpolation 1line (shown by the solid line Lc)
obtained by th? original linear interpolation data can be
smoothed as shown by the dashed curve Sc. .
In the case of the smoothing processing, it is also
15 preferable to vary the number of the sampling periods used
for average calculation, according to the magnitude of the
graﬁient of the interpolated line. For instance, when the
gradient of the interpolation line is small, the number of
the sampling periods used for average calculation is
20 preferably increased. In contrast with this, when the
gradient of the interpolation line is large, the number of
the sampling periods used for average calculation is
preferably reduced. Further, when the direction of the
gradient of the interpolétion line changes (into a convex .
25 or concave shape), the number of the sampling periods is
preferably increased. When the number of the sampling
periods is controlled according to the situation, it is
possible to obtain a more preferable results.
Further, in the case where the number of the sampling
30  used for average changes according to the magnitude of the
gradient of the interpolation line as described above,.at
the portion where the direction of the gradient of the
interpolation line changes (in a convex or concave shape),
the area of the portion enclosed by the interpolation lines
.35 becomes sometimes smailer than the rectangular area of the

-

'convex or concave portion enclosed by the lines of 1/2N



of a nultfple of the period between two adj acent clock pul ses on the .

time axis to the sanpling period Ts (how many. times the period

bet ween the two adjacent clock pul ses CLK: i s longer than the sanpling
‘period Ts). 20 - The two out put val ues N _and N2 of the subtracters 22
and 23 are transmtted to the output tern1nals .28 and 36, ) ,
respectively, and further to a conparat@g.- 24, The : conparator
24 conpares the two values N1 and N2-and- transmts the shaller one

of the val ues Nlr@@@l'ﬁ'%lbﬂ Klgrzéne B§§PUt ’f‘grgt %rgg '@ﬁ:hé %@éﬂfed}'s it 2.;

the two values N1 and equa ar at or
transmts the Preﬂfrﬁél?h?éooﬁ’ﬂfﬁﬁf’-otléﬂ-m ﬁalprggsgsmﬁeﬁpm‘mel% (a height

Wth reference tesFithe ¥ianbBel et isd1aa0R3 Wit Forerendd tderig. 25¢
additional signal generator wi |l be explained 30 her ei nbel ow. In Frg.

10, a waveform d§Pa BR&r atthe 48rea  ofendit@ e PATHE Py ST ASEY o B tHee

extrene val Be peihedrpolatibfl LbhésVbaedaas d@ﬁ@lge@e}iwé%eéeamum@vaﬂ@@l
SNnown or

Storing a serecol %%2%9%?%??cnﬁa?woé%?&s%n%? 15884 1B 68 *Lines, o
in Figs. 3Ato 6B/2 resclutﬁbhtbgre,!noﬁélnggtlc unit 49 d|V|des t he one
LSB_ val ue of th§ Nbl£9dls(%'1t§v?sl Saln %l 3 b%mgao J.mem’(e:rI or aéglng the
additional signals to the N-bit digital signals. In the
10 case of the adder 4 and the adder 104 of the first and
second embodiments shown in Figs. 7 and 14, respectively,
the additional signals are added to the N-bit digital
signals within a range of N-bits * 0.5 LSB. In the
embodiment shown in Fig. 29, N-bit digital signals whose
15 level is reduced down by one LSB through a level shifter
4a and the (M-N)-bit additional signals having an amplitude
between zero and + one LSB are both supplied to an adder
4b.- After these two signals have been added, the adder 4b
supplies the added digital signals to a level shifter 4c.
20 The level shifter 4c outputs the added digital signals
whose level is reduced down by LSB/2 of the N bits, that
is, by the 8 LSB of the M bits. The M-bit digital signals
the same as wi.th the case of the first and second
-embodiments can be obtained from the output of the level
25  shifter 4c. '

_»



- 20- ' Ns supplied by t he conparator 24 of the |ntervaT detector

53." In-other words, in order to decide the.step width of -

addi ti-onal signal for each sanpling period- Ts in the - l"llum'u)l""mulm
|l ength at the two adjacent ‘periods.(or ‘5 ei t her perlod Ieﬁgth at t'he sy
adj acent periods if equal . to each other), L/Ns is calcul ated, where L
represents one - LSB. o a wavef orJgglata generator -54 for

generates the waveform . data of the additional signals-other than those
at the 10 extr geRTvakuerpemEpdss: A contral circuit 55 is conposed’

of a m croproces3Sor, a random access nenory (RAM, aread . only nenory
(RAM, etc. To the waveform data generator 48, the nunerical val ue
NI (the output valueANlsigndihepzvbbsatihgr metldd Fifpr 8xrafisforming N-bit . -

‘digital signals into M-bit digital signals, where M is
larger than N, the N-bit digital signals being obtained by
converting an analog signal into digitél signals, the
method comprising thé steps of: _

detecting transition points on a time axis and
intervals between the transition points at which successive
digital signals of the N-bit digital signals vary in value;

generating (M-N) bit additional signals which correct
errors of the q—bit digital signals within a range of £ 0.5
least significant bit of the N-bit digital signals in
response to the transition points and the intervals; '

delaying the (M-N) bit additional signals so as to
correspond to least significant bits of the N-bit dlgltal
signals; and

combining the delayed (M-N) bit additional signals with
the N-bit digital signals to generate the M-bit digital
signals. |

2. A signal processing method of claim 1, wherein the
detecting step comprises the steps of:

detecting successive first, second and third transition.
points; and |

detecting a first interval length between the first and
second transition points and a second interval length
between the second and third transition points, and

the generating step comprises the step of generating
the additional signals so that the N-bit digital signals
are linearly interpolated by the additional signals in a
first signal processing period, the first signal,processing
period being from a midpoiht of the first and second
transition points and another midpoint of the second and
third trans1tlon points when the first and second 1nterva1
'lengths are the same each other- and transition dlrectlons
in value of the digltal signals at both the second and



15 suppliéd fromthe output terminal 28 of the detector 5 of

_ _ ' termnal 37, and further the S|gnal l Jl H“ m F
extrene value period is supplied fromthe - output ter
detector 5 to an input termnal 38. The. ROM f or generatlng maveform

t hrough an i nput

data (provided i

n the 20 waveform data generator 48) stores the maveform

data for. the -addi tional signals so.thagqt-he rectangular area-
i ndicative of the extrene val ue can be roughly equal i zed to the.area

of the bit-transfpiredceshsetEoMalpddnts HI® the BHARS icadh Vether Ndri She .

supplied to the
t he wavef or m dat

vef orm dat.a 25 eperator 48 as the address data, and.
HES Ot BRogsds ags HARIcM RELH0! GRIASTRITILAY oka

predet er m ned i rer&ue:esqﬂbn'dwciﬁ:ts)t tdrel pridoadl |iergidvails” wiech :.s @Hdrﬁﬁi'
val ue period fromthe read._additiona s:Signal LS lLied.from
e ohaeoEieE 566 B8 bhpBR2syon axPeliions a3 BB Tnd

the waveform ge
when t he sigha
the input term
t he period

35 data, in or

secihndtand tbﬁ-rﬂhiarans:.tm reoientenlaore pbei samé smspm |oe:dhetr0
3$%ne¥at hg @ﬁe[éhdl&?gngfngigﬁéisvﬁhug @Ecb wq of

e extrene va eri IS used as t I ess
mmcwmnq hé’eﬁllé‘éetmﬁwﬂ(lm% bt anReRcSanes Wlth dihgnal

(S(mn)" as shovwgeddnd d8tedfal 018R8RdwAES- thé Ctransit2bhe8RReHADNEO dthe
extrene val ue period can be outputted

the second and third transition points are different form
each other, the additional signals belng generated in the
second signal processing period in such a way that the an
integral value,of an analog value represented by the M-bit
digital signals.is substantially equal to an integral value
of an analog value represented by the N-bit digital
signals.

3. A signal processing apparatus for transforming N-bit

digital signals into M-bit digital signals, where M is
larger than N, the N-bit digital signals being obtained by
converting an analog signal into digital signals, the
apparatus comprising:

means for detecting transition points on a time axis
and intervals between the transition poinfs at which
successive digital signals of the N-bit digital signals
vary in vaiue;

means; responsive to the transition points and the
intervals, for generating (M-N) bit additional signals
which correct errors of the . N-bit digital signals within
a range of * 0.5 least significant bit of the N-bit digital
signals:;

means for delaying the (M-N) bit additional signals so
as to correspond to least significant bits of the N-bit
digital signals; and '

means for combining the delayed (M-N) bit additional
signals with the N-bit digital s1gnals to generate the M-

‘bit digital SLQnals.



-21- fromthe ROM Further, at the extrene VaJtE?TﬁﬁTfmF‘Sfﬁﬁe——*—

the signal [ 1] indicative of the extrene val ué perlod | to
the sel ector 57 through the input termnal 38, _ mm ﬂ!
addi-tional signals outputted by the waveform 5 data genema

transnmitted to the output term nal 47 via the selector. 57 and an OR
circuit 59. The arithnmetic unit ﬁ% cal cul ates L/ Ns by use of the
numeri cal value Ns (the output value Ns of the conparator 24 of Fig.

8) supplied throughAaglbﬂB!tpESEEEEihg3%89g9a¥gs Jeeat §{he adﬁgﬁlon ofhe

cal cul ation, an verage val ué of the Sizes of t
signal s bet ween £RESG jagefeans comprigRes in the, extreme val ue period can

be'decided. The me&ns CEbAtRGEIASHE suctidRiveediratt NgaraNel SndN Ut
transition points; and :
means for detectlng a first interval length between the
first and second transition points and a second interwval
length between the second and third transition points, and
| the generating means comprises means for generating the
additional signals so that the N-bit digital signals are
linearly interpolated by the additional signals in a first
signal processing period, the first signal _pProcessing
period being f;om a midpoint of the first and second
transition points and another midpoint of the second and
third transition points when the first and second interval
lengths are the same each other and transition directions
in value of the digital signals at both the.second and
third transition points are the same each other or the
first signal processing period being correspending to
either of the first and_secohd intervals which is shorter
than the other and the transition directions at both the
second and third transition points are the same each other,
and generating the additional signals in a second signal
processing period predetermined in accordance with the
second interval length when the transition directions at
the second and third transition points are different form
each other, the additional signals being generated in the
second signal processing period in such a way that the an
integral value of an analog value representing by the M-bit
digital signals is substantially equal to an integral wvalue
of an analog value representing by the N-bit digital
signals. ' '

5. A signal prbcessing apparatus of claim 3, wherein the
detecting means comprises: :

means for delaying the N-bit digital signals by a
fspeciflc sampllng period carried by first clock signals to
generate the successive dlgital signals;



generator 54. 15 To the waveform generator 54, the—transition

det‘ection. .signal " (the output signal 89 of the DFF ' 1
9) is supplied fromthe output term nal 35 of the det ec“ [f 'I"“JH '-m,llgh
gnat 11S s1]| *when

an input terminal 40. This transition detection . s

the N-bit codes increase in sequence 20 .on.the time axis but at [0] when
decreases i'n sequence on the tine axi_ga_ Therefore, the waveform
generator 54 di scrimnates whether the"N-bit codes increase or ',
decrease i N SegugASer®f ddipdr iRy PN olFNehBaFetePitédi Successive
transition det ECEI_OD signal., nd changes the nodes of the 25 _ waveform
data generation, @*gital”signgls fion gepezate GorpRElsRy RAiANRESysme tEhe he

wavef orm dat a ot kalubbaaretnbbeeGuil et® &adheot@srpds Trrom °  the
wavef or m dat a gener a@gr 54, when the tra n si

| evel [1] is supplie T

the N-bit codes @igekasignals eifiedagmde edueift phasenfremsthenfihst telomck

axi's. | 81 5h1s] Beepgkl LA .@g | i
level is [D1] is , anazﬁfebagfage%ggp%f%gé %?ﬁwg\#&én nh1§ ﬂvﬁ%tnf%e
signal level i9f [4hg transipion padmds onky3¥hen ethei oiadhigs befwere
the period | engt §5coBsaidle N d SN Nynals spheked By 8RECspecd Fid Nahn fﬁfg
the nunerical val ue, Ns s%ppl ledTrom tﬁ _conpgr at or %4 of the c}gte or
5 t hr ough period are not equal to each other; and
means, responsive to the first clock signals and the
transition point signals, for counting a specific number
of the first q}ock signals between_successive transition

points to detect the periods.

6. A signal processing apparatus of claim 5, wherein the
gengrating means comprises:

means, responsive to the comparison signals and the
transition point signals, for generating transition status
signals synchronized with the transition point signals, the
transition status signals being indicative of value
transition of the successive digital signals at the.
transition points; _

means for delaying the transition status signals by
means of the transition point signals;

means, based on the delayed transition point signals,
for generating extreme period signals indicative of periods
for the N-bit digital signals in extreme value;

means for detecting differences in length of the
periods; |

means storing first (M-N) bit additional signals
corresponding to the periods of extreme value and second
(M-N) bit additional signals corresponding'to-periqﬁs-of
value transition; o

means for reading the first (M-N) bit additional

signals in response the differences in length and .the

“extreme period signals; .-
means for reading the second (M-N) bit additional

, ineotask pds [rom o
B3¢ retihg fifen tsp they solioazisrl: sroaats, fad Seccnden



-22- the output termnal 29 of Fig. 8 and the in

put——tﬁhm—ﬁai——%é)———
of "Fig. 10 is N2. In Fig. 12A, the nunmerical value Ns
whi ch indicates that the nunber of the clock - “pul ses“mﬂmﬁmn Eﬁﬂlﬂ)
each -sanpling period Ts is Ns. 5 - Further, in Fig

position [err] between the two peri.ods. [Dl] and [D2] is designated by
an address val ue: supplied fromthe output terminal 30 of the detector -

5 t hrough an input termnal 44. Further, the end position -y of

the period [D2] sigﬁa§ggﬂﬁt§éspan§@ a@érefényﬂi@n @catégp@igg&&héf odnd he
output termnal 27 of the detectqr hrough, an 1rnput Term nal  43.

Further, the start pBSRRFoFOT Seleé’td'f"etlh’e Cﬁé‘?ﬂ‘%ﬁl[rtgl]“i‘% Hééfigﬁ&tréd: Mdan

addr ess ‘val ue second (M-N) bit additional signals.

7. A signal processing method. for transforming N;bit-
digital signals into M-bit digital signels, where M is
larger than N, the N-bit digital signals being obtained by
converting an analog signal into digital signals, the
method comprising the steps of:

detecting transition patterns of successive digital
signals of the N-bit digital signals over transition points
on a time axie, at the transition points the successive
digital signals varying: _

generating (M-N) bit additionel signals which correct
errors of the N-bit digital signals within a range of * 0.5
least significant bit of the N-bit digital signals based
on the transition patterns:;

combining the (M~N) bit additional signals with the N-
bit digital signals so that the (M-N) bit additional
signals correspond to least significant bits of the N-bit
digital signals to generate the M-bit digital'signals.

8. A signal processing method of claim 7, wherein the
detecting step comprises the steps of:

detecting successive first, second, third and fourth
transition points at which two successive digital signals
vary in value; and

detecting transition patterns represented by the
detected four transition points, and

the generating step comprises the step of generating
interpolation signals in accordance with the detected
transition patterns so that a linear interpolation is
executed to modified digital signals within a.range'of +
0.5 least significant bits between the second and third -
transition peints in correspondence to another linear
'interpolatiox; alrea'dy executed between the first and second
trensition, points, the modified digital signals being



Supplied fromthe out put termnal 31 of the det ector h_an
I nput termnal 45. Since being provided with 15 e} wu m"l

arithnetic unit, the waveform data generat or

addi tional ‘si gnal s having the val ues 'L(1) expr essed by the foI " owi ng -
fornul ae at- the respectlve 16 p05|t|ons fromO, 1, 2, .., 16

determ ned for - each sanpling period. Qﬁt_ween t he Ns/2 position at the .
20 period [DI] and the Ns/2 position at the period [D2]. Here,. if L

denotes the onep&BimdatBg Nlﬁh%inénﬁnlNﬂﬂﬂﬂfﬁiqltal é&gﬁalzvalueNﬁt gnd

further when | < Ns/2, .the follown formila can b ecid

L(1) = | x L /NgFansition point bet‘??ﬁn okhe secopd, gRgr t %\?ﬁén 'qréf{séﬁl]on
}\ls/ 2, the fol | opmilgté Odmthat@&mé)eleast s:&ijﬁﬁlﬂiﬁﬂmtf bit, thud_(gleheralta)hg
Ns*- L asis_of .the a e-nentio
defiinition, (M N) tgld tldc?ﬁ 1o§1ad.naﬁlgga Ro a??ldFl%n q%@cgﬁmr? ate

obt ai ned. 30 imearpmamntsxymls.l gnal is added to the digital signal

to which [0] of the (MN) bits are addedtotheleast ' significant bit

of the original Nbit digital signal, the i gnal wavef orm as shown in
Fig. 12C can bed obfaisde@al mrocessing rmﬁ#at431ef@$ ghapnaaoenapem of-bdte

original N-bit gigital §§gna§sgr1@4toatmlmta@g%aﬁc‘é&rgna%l OdghdaAd | mand
[D2] so far —expressed by K2 [err] K3 [err] K47[err] K5 [err]. K6
[err] K7 [err] l@xrger than N, the N- blt digital signals being obtained by
converting an analog signal into dlgltal signals, the
apparatus comprising:
means for Qetecting trénsifion patterns of successive
digital signals -of +the N-bit digital signals over
transition points on a time axis, at the transition points
the successive digital signals varying:;
means for generating (M-N) bit additional signals which
correct errors of the N-bit digital signals within a range
of £ 0.5 least significant bit of the N-bit digital signals
based on the transition patterns; and
means for combining the (M-N) bit additional signals
with the N-bit digital signals so that the (M-N) bit
additional signals correspond to least significant bits of
the N-bit digital signals to generate the M-bit digital
signals. |

10. A signal processing apparatus of claim 9, wherein the
detecting means comprises:
' means for detecting successive first, second, third and
fourth transition points at which two continuous digital
signals wvary in value; and
means for detecting transition patterns represented by
the detected four transition points, and '
the generating means comprises means for generating -
interpolation signals in accordance with the detécted.
transition 'g:qtterns so that a linear interpolation is - -
“executed to modified digital Signais within a range of *
0.5 least significant bits between the second and third



-23- changed to t he wavef orm as expresséd by K2 [er#}'.

K3 K5-
lerr] K7 [err] K8. On the ot her hand, when t
det ection signal [O] is supplied_to t he wavef or m dat %ﬁﬂa" IBB%""
* C *
1o

that-is, 5 when the N-bit digital signal values decreas

axi's in sequence, the additional signal values are as “fo
when | < Ns/2, the foll'owing formula can bgﬁﬁﬁpided: L( I = (Ns -.
) x L/INs - L . (3) 10 Furt her, en | > Ns/2, the follownng.

formila can be trande&idfd points in L&brrespdidentd *:d-/ BBother 1linear
(4)- interpolation'already'executéd between the first and second
transition points, the modified digital’ signals being
obtained by .limiting an N-bit digital signal value at a
transition point between the second and third transition
points down to one least significant bit,'thus generating
(M-N) bit additional signals based on the generated

interpolatibn signals.

11. A signal processing apparatus of claim 9, wherein the
detecting means comprises:

means for,delaying the N-bit digital signals by a
specific sampling period carried by first clock signals to
generate the successive digital signals;

means for comparing values of the generated successive
digital signals to -generate comparison signals and
traﬁsition status signals indicative of increase or
decrease in value at the transition points when the values
are not equal to each other; ) '

means, responsive to the compafison signals and second
clock signals 180 degree out of phase from the first clock
signals, for generating transition point signals indicative
of the transition points only when the values of the
successive digital signals spaced by the specific sampling
period are not equal to each other; '

means for counting the first clock signals to generate
count signals; '

means for synchronizing the transition status signals
and the count signals with the transition point signals;
and _ .

means, responsive to the synchronized transition status
signals and count signals, for generating transition

patterns of the successive digital signals.

12. A signal:processing apparatus of cléim 11, wherein the -
" generating means comprises: -
means for detecting differences between the transition



In ‘Fig. 10, the . additional signals obtained as descri bed ahove
are stored in sequence in the nenory 15 provided in:the waveform data
generator 54. The (M N)-bit addi tional signals reaﬂlﬁ“ﬂlm nnumml&
under control operation of the controller 55 are:g

58. " On the other hand, the signal indicative of the*extréme

period-is supplied fromthe output termnal_g3 of the 20 detector 5 of .
Fig. 8 to the input ternminal 38. Wen this "~ signal is at [0], that is,

when the periods g these Q{é"eflme axifaflsihg enbk' @Rinvaldi qu&ﬂré Oéjndtgﬁe
output of an inverter 56 changes to.[1l], "and this signa

given to the trapsdtion BeinksSigPaisit, the (M N).- bit addltlonal
signal s 25 gener at adahy the cwhaifcswn at @p@@ﬂﬁ@thrné&’f ame'frpan&%bheéo

When Che one of Cthe TrBiE Skt s%ﬁ%%c D ased oy e, @Rererepbelitng 2Re

val ue period, a ¢mans¢klsngpattesngemgnalsd ahg 30 t he controller 55 on
the basis of the dat i i &P . ,.d

supplied to the contgo gr§§% ¥§k£g?rﬁ%ﬂféj% |n&2§nig Raﬁggg.f?ﬁg the
response to thisiogerpolated Ngbgmaﬁlglmhé wa@whisnﬁnng?@ﬁﬂﬁﬂquthe5@M-N)

inhibits the bl%ahﬁHE%Ebﬁglr§§HBE§s°f the two periods including the 35"
extrenme val ue peri-od from elng glven fromthe maveforn1 dat a

generator 54 to the selector 58:
13. A signal processing apparatus of claim 12 wherein the

conducting means conducts the linear interpolation per four
successive traPsition points.

14. A signal processing apparatus of claim 12, wherein the
conducting means comprises:

means for generating interpolation signals for
trahsition point group each including specific number of
successive transition points:;

means for averaging the interpolation signals; and

means for applying the averaged interpolation signals
to conduct the linear interpolation to the N-bit digital
signals.

25

i



-24- . - "In,FLg, 7,,the (MN)-bit addi t i onal éignals gener at ed

by the -additional signal generator 6 are supplied to the A=V L ]
{THREHEST BASIBEEN |

the variable delay circuit #;: 4 adds t he ‘add s
to the N-bit digital signal gh's H il °p‘“3 a constant tinmglthr od ¥ HED
delay circuit 3, t-o output L ﬂ Hl ﬂu ul igital signals. Tn practiCe,
t he adder 4 - executes th ul ati on between the digital
signals (obtained by adding [0] of the (MN) bits to the- | east
significant bit of the N-bit digital signals) and the 10 'Mbit digita
signals (obtained.by inserting [0] of the N . bits between the nost
significant bit and the sécond-to- most significant bit of the
generated (M N)-bit additional o L '
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R e

signals). - The vari abledelay circuit 7 delays the (MN)-bit 15

additional signals by a necessary time to match the - ad@Tt L -
inrelation to the.N-bit di~giT"ﬁW Hetn Replaceqt 0 be added. AYrtHeSHEST HAS BEEN .

as the.variabl e {lel ay -GS
7. Further, the (MN)- I o] i gnal s can be del ayed by a '
desired 20 predeterm ned tine by contro ng the wite and read

timings in and fromthe RAM The predeternined delay tine rate given
to the additional signal can be determ ned on - the ‘basis of the delay
control signal generated by the - del ay- feontrol signal dgenerator 8. 25
Fi'lg. 13 shows the relationship in Fig. 7 anpng the N-. foit digital =
signals S supplied to the input tﬁ!rsr['béleHF @l e N-bitidigital signals
Sd deél ayed by a predetermned tinge b q delay circuijt 3, the

(MN)-bit additional signals Sa del ayegd Ry a pre "neg-tirre by the
vari abl e delay 30 circuit—{ —and the MDbiy Mg 4 I _dilgit+al signals in

t he form of anal og mann¢r. The reference ssso’vvnato hin
Fig. ‘13 are attached to clarify the time rej ati( bet ween t he

respective waveforns. Furthef, th i represents
the cal cul ated value of | x L/Ns @?ﬁg@ﬁ’gmé% hOHOrR one LSB\alue (L)

of the NNbits is S*Lt%%r&:che&_rgn t he forlrml apN

random access nenory (RAM can




generator 8 of - F|g 7

The délay control signal

-25- cal culates the delay tine to be given.to the (hﬁ TQ

addi t.i-onal codes g,{ggﬁg@géeﬁRqﬁacwarl ous out put signals PUL "Igjf:i BEEN i
3

t.hrough the output o 36 of the - detector
cl.ock pul se CLK tr E gh 5 t he- out put term nal- 34, the Ns - _
value transmitted t the output termnal 29, the bbrder posi ti-on

address val ue between the two periods transmtted through the output .
termnal 30, the period | ength data of the extrenme val ue ~ period
transmtted fromthe output termnal 28, the data 10 I ndi cative of the
extreme val ue period transmtted fromthe . out put termnal 33, the
address value of the start position : T
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of the period and the clock pul se Pfs transnitted from t hem———ierpinal

31, etc.). The generated delay control signal.  is gi N eTHIS SHERE HAS BEEN
variable delay circuit 7. 15 A second enbodi ment of fhe sigERlACED -
processi ng ﬁEhﬂﬁdmﬁﬂdsBmng gledr at us according to the presl on

will be. - be|OM/MAth reference to Figs. 14 to 26.

Fig. 14 is a bIE omﬁng an exenplary .construction of the
second _enbodi ne 20 processi ng apparatus by which the:

si gnal processing nethod accordihg to the present invention can be
realized. - Further, Fig. 15 shows a practical construction exanpl e of

a discrimnator 105 shown in Fig. (14. n Fi.g.; 14, the reference

nuneral 101 denotes an i nput
digital signals) to be
signals.are -f i
the front stage o
digital signals §pp

%@1

25 fterm nal of the N t* codes (N-bit :
sed In the casy rethe N-bit digital
= d seri al - par al Fet—conyertergis provided at
nput ternlnal 101. Inf Fig- 14, the N-bit
ed to the 30 "input termnal 10}l fre supplied to a
delay circuit 108 and to the discrimnator -105. Ch e ot her hand, _
cl ock pul ses Pf s N ng the sanpling frequency of|the Hihgital signals
are supplied to f%é di SCT 1 MR 105 through a nput term nal 107.
35 The discrimnator 5y (discrimnates th 51 gnal
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transition patter—h—of——t—'he -N-bit digital signals to bé cessed, and

transmts the disgrim nat resplt. to an gi-d ; =]
si gnal generator 1§$llsr|peet 7¢ﬂﬁﬁﬁds of the di scri m natled- rée%affi;g?'é? BEEN ”

the signal - transiti Q PED_.Q.__:J

supplied fromthe discri B L0
addi ti onal signal 106 executes predetermned.
calculations to 5 generate the (MN)-bit additional signhals. The

‘obt ai ned addi tional signals are supplied to an adder "104: The adder
104 adds the (MN)-bit additional signal to the N-bit - digital signals
(as the N-bit correspondi ng to higher significant bits of the Mbits),

and the obtained Mbit 10 - digital signals are out-puttgd t hrough an out put
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102: - With reference to Figs. 16A to 22, the consfrurflnn and_
| e BRESR kI A

t he operation of "the second enbodi ment of the present

be expl ai ned herei'nbel o lSH%dfl Been'Re “e 6A shows the digijfal va “ﬂQ&d&Jtﬁ$N
N-bit digital - signa analog manner, i® e
respective. tinme points Eullu luzi H[E .. indicate the se_quentl al
sanpl i ng points and Ts in npl i ng period. Till the tine

point t2,” the sane digital values 20 are kept, and the digital

val ue

vari es. narkedly‘at time poi nt t3. This timng point t3is referred

to.as a - transition point. The
the tinme points fromt3 to t7, ho
tendency to increase fromthe tin
ot her hand, the digital valu

igital value does N
r, the digital
ppint t3 to tine
t endenc ded

E

e has a
poi nt t26.

IS, the digital value wTlT
t and the succeeding transition
ef orm obt ai ned by restricting“th%j

v

to time point-t48F T at
the transition

Fig. 16B shows th&
rate at the transiq
corresponding to th
16B, when the dlgjia

n points shown in Fig. 16A d
one LSB of the N-bit di gital

point is r eprijesent

ot vary between

On the

rease fromtine t33

not ry between

pe+nt .

gi gnal s. I'n
al ue i ncreases at each trangiti on point,
by [1] and when decreases, |th gint is

¢

— 15Ts —y
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6B

FIG.
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35 represented by [0]. Here, the ‘transition, stftM§S~0E LQQEE-

ﬁss

cont i nuous transitironpoints—fremhl to h4d (shown in Fi 16A§;ﬁamhae
- 27- represent ed ¥ gl 1 1] [1] [1]. In the sane = ' '
transition status of they ﬁ3|t|on points from - h2 to h5
(shown in Fig. 16A) QanOH by [1], [1, [1], ~[0]. On '
t he ot her hand, . four c ransition points#on the tinme axis can
take 16 different - patterns |n aII as 0000, 0001, 0010, 0011, 0100, '
0101, .0110, 0111, 1000, 1001, 1010, 10112, 1100, 1101, 1110, 1111.

In the present irnvention,-the transition point patterns of - the digital

val ues are detected, and'appropriate addi ti onal
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10 signals are‘generated accordi pg Lo the detected resultgr S, S — 3
reference to Fig. 15, the pract'i'cal% tBeplaced and t hle TB{SeFRETORADBEEN I

the discrimnator 105 will be ] rther det#il heF&Fh#EEDW.
I'n Fig. 15, the di scrim nator of an extractor I51Tot
15 extracting the transition points of the signal waveform an
pattern extractor. 152 for extracting the transition point pattern of
the signal waveform "an address generator 153 . for detecting an address
of the transition $)g| nt  of & he signal waveform and a pattern )
di scrimnator 154 Yor 20 iscrimnating the transition pattern. The
N-bit digital | "~ -sitgpals-fo-be-processed are Supplied-Tothe 1t 73

1
t erm nal J;Olp‘the ‘same dg\he i nput tergi‘n'a'l—rmm"n—ﬁ‘gfrﬁi.
The tl ock pul ses S are,supplie\Ato tHe inpiit te 07. 1They;
cl ock pul ses 2?\).8 hive a frequency tge sarre’:g’sﬂw $anp s éue]cy
used when the bit] digital si gn?al S 2L gene :
signals are addi o] qkiﬂi tal 9 'S gn%g, L tha-g requ
(t

signals Pfs (9 zBlISI?—Iz or 48KKES |f or
signal s suppl'zg!d tg .P epfyr act of 1 0
I

are given to gn A-in t er't-red—ef a AQBONI ,
term nal of 5 iPfg| DE 8,] and an A-input termnal of aPRfenparatof |11(.
Further, the I|o5ck}pu Ses—Pf s are given to a clock term nal ,
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time, the other output termnals A<B and the terminal A=B 10
the low level. Further, when the vglue . the digital d
2

to that of the digital data B, only R fiepdaced t er m nal
the high level. At this time, dmmi I t termnal st
term nal A<B are set to the'lo

r, when the value of the
15 digital data B is larger than that of the digital data A . only
the output terminal A<B is set to the high level. At this tinme, the
ot her output termnals A>B and the term nal A=B are set to the |ow -
| evel . - The conparator 110 conpares the value of the digital 20
data A supplied through the A-input termnal wth the val ue of .the
digital data B supplied throbigh the B-input terninal * bei ng del ayed by
one sanpling tine. \Wien _t he vakye of the digital data Ais larger than
the value of the gdjgital data B, thigt is, when the fransition points -
indi cate an incregse 25 status in Figsy 16A and 16B, a |ogical value
[1] is gene?%t pd, irrespective of the increase rate.” Further,. -
when the val ue ofhthe digital datg|B is [arger]than the val ue of the
di gi tal dat &_‘ga is. when the traWAVEFiOBﬁ points indicate a
decrease status in Figy.] 16A and 168, DAJA3GEN. | dgical valde [0] is
generated, irrespebtiye df the decreasg rate. 'I;heDE%ut put of the

|

\
conparator 110 is quppl i ed 8 \114 of the
pattern

49.\ . 56\
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extractor 152.

The outputs of the ternlnals A>
magni t ude conparator 109 areT&u Had B %#QC|rCU|t LllH % ﬁi, O
of the ORcircuit 111 is set t l ~ when jl.any S O Phe
out puts of the. output ternlnal
© -29-

A<B is set ta the h| Ievel The out put S|gnal of the OR
circuirt 111 js supplied to-an AND circuit 112. Further, the signats
"Pfs' are supplied to the AND circuit 112 as a gate pulse. The gate .
pul ses Pfs' are pul ses having the 5 requency as that of the clock
pul ses Pfs but 180- degrees out of '

phése\from the clock pul ses Pfs.
Ther ef ore, whenever the N-bit  di gi¢albi |ODV%F‘-JE§TRB‘5”VME AND

sanme_{

-
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circuit 112 outputs a clock pul se CEKTH‘T*W?++ﬂ¢hg~Qi t he
b ! hﬁasAND 10

Been

(It

r of the DFF 118 15
whenever the

at the hi gh | evel, -
address val ue read _118 is)shifted th

Pfs'. The clock puls
supplied to clock te
extractor 152 and cl
generator 153.

count er

address generator 15

out putted by the AND

reads the address va
t her eof . The

the 200 © DFFs 119 to
varies to the high |
DFFs 118 to 121 are

The DFFs 114 to 117

es CLK outputte
rm nal s of DFFs

ock term nal s of
An address si
113 are supplied to a data term na

3.~ Therefore,
circuit 112 is
[“iue—at—the—— N1

121 (Ns>Naquence
evel .
pi ven tlo the pat
bf the |jpattern ¢

gate pulse
&8
edf the p t]rgl@ P i‘itﬁﬁgBEEN
to 121 of Ty S
utputted by an address . .
of the
cl ock pul se CLK
the DFRF 118

term nal
rough

circuit

1]

t he

di cal

sequet e.hﬁ accordan

ge with
€D 1 1171 dut put a | ogi cal
ahsiiti orf in increase or
al} bitdnal lon the time 30
ue p%ti obt ai ned by
]
t
t !
|I

he conpar at or 11

Furt Rer

1L ésponde
dlgN

val ue o
s ther eoTLSB

one of| t H&Bl
iR

val ue outputted by t
the cl ock pul ses CLK
value [1] or [0] in

decrease of the
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as 0000, 0001, 0010, 0011, 0100, 0101, 0110, 0111, 1000, 10011010 .
1011, 1100, 1101, 1110, and 1111. ThexiosHHhsBeen Replack t he RO A BEEN !

are supplied to the pattern 35 di scq Imﬂmr“limﬂﬂ: ' Thegpepattesn
I rcui t $=—fnot—=s4 )

di scrimnator 154 i-s provided - with 1
correspondi ng to the above-nenti oned

- 30- 16 patterns. These 16 match-circuits in total correspohd to
the 16 nunerical val ues obta[ged by conbi nati ons of four transition ~
poi nt's devel oped in seq on the time axis, as al ready expl-ained.

The four digit values repfesented 5 by the -conbinations of the
| ogi cal values at &pur transi.tion points given in sequence fromthe
Qtermnals ' o

L
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of the DFFs 114 to 117 of the pattern—extractor 152 are B d+,§ BAgL &laey 1
by these 16 match circuits with respect to the transiti % ti:_ ' '

The four digit value is 1111 in 10 h aﬁamén?wedtranm

to h4 or 0001 in the. - case of four ints hé to h9 shomn in.
Fig. 16A, for instance. ransi ti.on points appear
on the tine axis i n sequence, at |east one 0 he 16 match circuits of
the 15 pattern discrimnator 154 outputs a match signal. . The

pattern discrimnator 154 supplies-a signal indicative of t he types of_
the predeterm ned transition pattern corresponding to the match

circuit now outputting a nmatch signal (e.g., a nuneral value set for
the match circuit 20 which outputs the ratch signal) and the address
data* indicative of the four transition points to the additional

si gnal generator 106 throu%g the output term nal 122. ‘The

addi tional signal generator= éBerates an addi tional signal so that
a predeterm ned interpol ation cdn®5 be nade at the interval between the-
second and third transitioff pgints, in accordance with the

di scri m nated -transiti onrpotff pattern p 16 patterns and in
| at i
f

rel ation ~to the already ¢xecutied interp ipn at the interval
between the first and second {raasijtion poings-of |the 30 - transition point
group of the first to third t a@%itTon N

S :
v-—\

106
S1G. GEN.

ADDITIONAL

[
>

14

2
FIG.
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poi nts. When the N-bit digital ngnaLg_aLﬂ;LLansfoq ata-—M
bit digital signals, the generated additional signals are TH@hsm&rmwASBEEN

digital signals. 35 The addi t i omis Shest wn maﬁuch (MN) - bREPsAngIs
t hat a |linear interpolation can b maveforn1 as

shown in Fig. 16C. In this waveform t ates

- 31- " at the transition points of t |t |g| ~signals are
represented as one LSB. At the periods durlng whi ch the | i near
interpolation is made, the .additional signals are - generated in such a

way that the integral valuel@d the 5 waveform (shown in Fig. 160
obtained by limting the _ . _
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tran5|t|on rates at the transition points of the N—b|t % rlgloub
down to one LSB can be equalized to th%lSSheetHaHBTRw“ajed/al ue fH{ *’3 HAS BEEN !

waveform (shown in Fig. 16D) rep REPLAGED
l'inearly-interpolated Mbit digital 10 (M N)-bit additional

signal's are .the signals-: havi ng- arrp ess than one LSB of the
N-bit digital - signals. The generated (M N)-bit additional signals are
added to the N-bit digital signals. - ~The additional signals ggn be
generated easily by use 15 of data indicative of the types of tgau_"‘
transition patterns -as the address signals and further by out:pot“Pl ng
data i ndicative of predeterm ned additional signals froma Rg/ll
tabl e (not ShOV\m provi ddd_i_n_fHé-@addi ti onal si ¢nal " egenerato 1(b§
instance. 20 ~— —P—g-s—?r[-ll $-0---24- show hown-#8 eFecute tIF---l-iFe
i nterpol ation it iccordante withtire transition|patterns. = The |inear
interpolation to be-execufed at 1 be’period bet ween t he second fand
third transitiop poirft-s--rn-g-------- i-Fansi ti on poilnt oup f's glet eryijned in
relation to theg5 - T[N&al_TH{EIPOlation al ady” Secuted 'Qr-TIE Mnterval
between the first and seeond-i{+ansi-tion points ¢f that Qgroup._{n each
of these drawi ngs, #E tosff4-represent four =<jconfd nuous tRarmsitiD '
points on the time axis. Ruribec, -7 t he nunmerqal ‘g,rrangeneagt such S
[1111], represents the @ PA— S - 10 R
N o o
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30 transition of digital values at~the four-transition points of one
transition point group devel oping in.sequence on the - ti Mg axis., SE
of logical values [1] and [0], wher etHaSBegﬂ lacedt es an | n:r@ﬁ?%‘%i@%%m
ave :
¥ #2

i
i.ndi cates an decrease. The i HHM of convex dnd coiit
the 35 interpolation node col umms | #2 and Dbetween

and #3 represent “that the-interpolation node is convex or -concave (not
| inear) at the periods. Furt her, the ' -
- 32- ~ nunerals (e.g., 1to2o0r 2.5 to 3, - etc.)g_:in"the
interpolation node colums between #1 and #2 and. bet §&gar . #2 and #3
represent that the linear interpolationis exec._ufé’drE Further, the
representation of "-" in the 9' ]<_ -
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S ~interpolation node colum between #2 and #3 répresents th e

i near interpolation is not executed bet %ee%'ﬂ H3d AUt BHERNhEAS BEEN
the interpolation is executed at the udi ng betiiveen FEFAATED
#3, the interpolation is shown by \“‘E ‘\ FurtTher, ——when
the interpolation is 10 executed at t udi ng between #1 and
#2, ‘the interpolation is shown byasolld l'ine.. In each of
Figs. 17 to 24, ‘only eight types of patterns (1111, 1110, 1101, -1100,
1011, 1010, 1000,.and 1001) are shown as’ THMNSEPIUN nations of the. '
digi-tal value transitions 15 (an increase or degg of the digital

val ues) at the four transition points #1, #2, g& and£4 vvev , the
16 types of [patterns already explai ned gan be obtaih by ™ i ng

t he dbove-nenti oped ei ght patterns nq t]her lei ght patter ns ' (| n. whi ch
[1] .and [0O] are feversed in the nunerical' 20 arrangerrent.ln the :

above-nent i oned ¢\ fERPORTIEN NS INTERPOLATION 2dtice it &s possi bl £ to fope

with the 16 types I?ﬁMEEN patt using gnly ei ght typés of i rn
data, as sh)B i gs. g?::ﬁai On thé bas|s of t he pat a
I ndi cative of th-,ﬂlﬁbﬁsijaf—t-he-" ti-gn poi nt pattet ns the K

addi tional signal generatmr 106 of Fig. |14 decides theTingar "
i nter p0| ati on notle—as shoun in Fi gs 17 jto 24, for i tanC'e, i na
correspondence to thg lingar interpolatifon already“exgcuted at fhe
1~2 2~3 e I T
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— ' E E vy 1
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i nt erval

points or in correspondence to

al ready-executed at the interval
val ue transition

points of the pr

betmeen the first and second digital
of the present transition point grou

val ue 30

\s Sheet ﬁ&rﬁa lacell four &S SHE T\
polatlo .
n cond and third digrtal
tion point group

_tl‘

rT

HAS BEEN |
REPLACED

conposed of 35 four transition p0|nts The addi ti onal signal generator
106 executes the calculations, so that the (MN)-bit addi ti onal
signal s correspondi ng to the “|inear HUNSFHON
- 33- I nterpol ati on deci ded as descri.bed abo be generated..
In Fig. 14, the transition point address data are supﬁ | equ ror&t he
di scrim nator 10% to the additi onal : ' '
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si gnal generator 106,
of the transition patterns.
can be ‘obtained by

f our

di agrans for assistance in
line to be obt ai ned at
di gital
25A to 25D show four typica
transition points.

t he i nterval
val ue transition points of one transit
transition 15

I'n nore detail,

together with the data indicative of
_Fur t hahis SheteﬂasBeenReplacedtsrt i on

dat a reqU|red for calculation to
_ calculatln
transition point addr ess. dat a.

Fig. 25A

transition patterfm i-n

whichrdirgrtat—vat
transiti.on doi nts increase nnnotonously
exanpl e of the trlansition pattern inlvhfch d

g

Fig. 258 shoms anot héer
di pi tal valiues 40

TBEL
38?%% 5 ¥
addltloaaL-_segpe

Qﬁé BEEN |

QY-8

ml fferences between the

gs.- 25A to 25D are
expl ai ni ng-how to deC|de the interpol ation

bet ween the second and third
group.

or med by f our

e of

ntu%

Fi gs.

at the f our

sequenti al transijiif nonotionou Qfd then
decrease. Fig. 23¢ of the vrans t|on patt@rn in
whi ch digital valjy al itran rst
I ncrease and jattdo [T Ot Fiig. shqows the other 25
exanpl e of the tranS|t|on attern in mhlch dli}ggl vakues i at the four
sequential transi oints filkst increase t keep a cqnstamt | eyel ,
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In Figs. 25A to 25D, the linear interpolation to be exdCUl, 0. .0 €aGil __
transition pattern is shown by an obl'f s Been Beplaged i nes in¥bﬁg§5§§QE§§g£EN
Further, in the draw ngs, #1, 2#2J ’ resent tlhe-fifsf {4~
fourth transition - poi nts of the -digi'tal values on the
tinme axis, respectively. Further, an increase 1 n digital value at

a transiti-on point is represented by the |ogical value 35 [1] and a
decrease of 'the digital value at a transition point is represented by

the | ogicalvalue [0]. Further, t he intervahsNsPefoneen a and b, between

c and d and between ) _ POINTS - 34-

c and h <correspond to one LSB or 1/2[err] r o

T

| utj,on
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First, in Fig. 25A, the linear interpolation between seeond —
tranS|t|on point #2 and the third transition 5 poi nt #3 aﬁHE%SHEE%WM@SEEN
by an oblique line e [err]. g [err] : fTh(SQheetHasBec{nQ{fe Heed ) ODt |ned B¥FLACED

connecting a mdpoint e between a and second transrtron
point #2 with a mdpoint f between the third transition
point #3. Here., the height : dlfference the two m dpoints e
and f is equal to 10 - one LSB of the 1/2[err] resolutlon The gradi ent -
bet ween t he intérpolation line e [err] f can be obtained by
calculating (L / bc), -where bc denotes the di stance between the
transition . points #2 and #3 and L denotes the 1/2 resolution or one
LSB. Further, the distance bc can be .obtained by a-15" "difference in
address val ue between the second and third . transition points #2 and
#3. Secondly, #n Fig. 25B, ghhe | i near - |ﬁ§erpolat|onﬁbetmeen

the second and third transition poinfs #2.and #3:can be iobt ai ned by an
oblique line e [err] g. Thls obllque i ne@is 20 ! part of tihe 1ine
obt ai ned by connecting a nidpoint e i bét wefep e and b _at_tjhe second

transition point #2. mnth'a ' nldpblnt f bet -gn d‘ ngFan the third
transition point #3 T e lll terpolation line e
[err] g can be obtaine I'n t eyt Al khe case of the 25
interpolation line betmepn e and fvshow SN :
i 2 i\ 1LSB
A
/l/ )
1 ! —
# # #3 #4
: i g i d :
s s N :
: e | T s l
: b ¥
i 0.5LSB ~F M 0
; —= 1LSB ™

1\a

\

b

FIG. 258
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Successively, in the case of the transition pattern-as - SH@M“ayEQTﬁAQBE
2

25C, a njdp0|nt | between the transition p0|nts #1 and ;AG:D
m dpoi nt- j between the transition ThisShe #d #4 are
determ ned. Then, two lines im 30 ﬂ W ﬁlﬁal ned in such a way that
t he rectangul ar area : abch‘cho e triangular area.inj o
havi ng a base line ij. Fbré the height of the fornmed triangular im
S denoted by Hc. : Since the area of the rectangle abch is 1
x ah, and the 35 area of the trlangle |n] is (ij.-x H) /2, Hc can be
obt ai-ned as . ' S -35- 1x

= (ij x-H) /2 = :

(o)

A

E

o]

o

-3
- _._\_»._-------__----ﬁ



Hc = 2 x ah /1] Since the point i is a mdpoint b=tw=¢=nthe
transition poi nts #1 and #2, and further Since the poi ”’FH!BQ ‘#HA‘% %EENWI

m dpoi nt between the transition poi mhg S#e%t}?a@ﬁeéﬁf{e e val ue

obtained easily on the basis of the al ues of Lihe=tr
points #1 to #4. - - Here, wm l ue can be consi der ed as
(1) Hc - is equal to or: small t Hc is larger than 1. 10
In"the case where Hc'is equal "to or srraller than 1, the posi tion of
the point ‘'m-on the tinme axis, that is, the position of the point r is
set ' to a point at which the line _ ah is divided by a ratio of the
interval |ength between the transition points #1 and #2 and the
interval |ength between 15 the transition points #3 and #4. + |In other
wor ds; the period | ength (the nunber of sapgging period Ts) of the
I|ne ar -and the perlod Iength of the I|ne rh c;a be obt ai ned as
ar = ah x na /(na +ho)y—26 —=—ah +herefoere—the
gradi ent of the ling¢ imandQBae gradient of - the N0l nj are as .
fol | ows: Gladient of line im= Hc /ir /Gradient of fine m

Hc /rj 25 Furthjer,the period] |l engths o [neADb'Iﬂ(f)ﬂAl'_' and rj| can

> INTEPOLATOR ——1 SIG. GENERATING
CKT.

FIG. 26

106
fed
106a 106¢ 106b’
Z Z _Z
| ADDITIONAL
INTERPOLATOR SMOOTHER SIG. GENERATING
CKT.

FIG. 27



be obtaj ned as ir =(na/2) +ar - 0] = (ho /2 ﬂﬂ§§hEErHASBEEN

Secondly, when Hc is |arger than 1, the |i l&[,@rpol athl onl
executed as shown in Fig. 25D. In F|gTh‘SS‘!‘1eet een eﬁ grad| ent EPLAGED
I p and the gradient of the l'i ne qJ d as fol |l ows:
Gadient of lineip =17/iu =1 /vj 35
Further, the gradient of the |ine pq |s 0 Here however, the
points u and v shown in Fig. 25D are determ ned by t he points p and q -
in such a way that the - -36-
A N
Le “TSc’
,/
Ts Ts Ts Ts Ts
4a 4b 4c
Z Z | Z
N BITS M BITS
DIGITAL —>] SHIFTER ADDER SHIFTER [ DIGITAL
SIGNAL _ SIGNAL

ADDITIONAL SIGNAL

FIG. 29

wr



line segnent ia is equal- to the Iine segnent au and further - '.the l'ine

segnent vh is equal to the line segnent hj. ..~ Further, the period"
lengths of the lines iu and vj in- . the above formulae can be obtai ned
as follows: 5 iu=2x (na/2) =na- . vi =2 x (ho /2) = ho
uv = ah - (na /2) - (ho /'2) : - As explai ned above, the transition
patterns expressed o bySIlGN@-.fPBQGE%éUﬁlMﬁEH%ﬂ-ANPaﬁ'?gNMfé’ﬁ PERRS . #1, #2,

#3 and #4.10 can be linmited to only 16 types in total of the eight types

as shown in Figs. e ei ght typés whose transition
9S-p eI TsProSugE 9Nt LYP
patterns are opp S. 17 to 24. The |l.i near '
I nterpol ation pattern to be executed ~at the interval between the
second and thitd tragalyiong18; caROl 8l sndPs aNek-d'3 dalnddiiiemin sansitbas
poi nts #1, #2, #3 and # f ﬁas our types for each of %6,t¥peg otntge _
transition patterdigitel sHanels (M gsN)17the Prbiscsigrags beind;gbfggned .
|'inear interpol atypn ankezey ngXesnt Qhallod N8ignal imter \Ggiralvesihghags.
first and second transitjion pOints #1 20 *_angn#Z. | n_ot her wgggﬁ ervals
al t hough there ed9%®RY e tapnsition pRinty an AcHT® RETHAM MO
patterns in totalpetayethe tranditacadddindialatswiiazh geceessiveldégisnl
generate linear _, _inter Q{ati data. easjly, for eagh trgnsi LiAR+PEHhAYL
group conpos%’cgr&ﬁfsf o?f? }?eanlgﬁ*%nsiﬁ??ﬁjfi,vﬁﬁyt he?lgbgée- ment i oned
signals are generated which correct errors of the N-bit
signals within a range of + 0.5 least significant bit of
the N-bit signals in response to the transition points and
the intervals, The additional signals are delayed so as
F . .
to correspond to least significant bit of the N-bit
signals. The delayed additional signals are combined with
the N-bit signals to generate the M-bit signals. Instead
of the transition points and intervals, detected are
transition patterns of successive digital signals of the
N-bit signals over transition points. (M-N) bit additional
signals are generated which correct errors of the N-bit
signals within a range of t 0.5 least significant bit of
the N-bit signals based on' the transition patterns. The
aaditional_signals are combined with the N-bit signals so
that the additional signals correspond to the least
significant bit of the N-bit signals, to generate the M-bit
signals. '
Figure 7




25 calcufations as explained above with reference to Figs.
25@ - As shown in Fig. 26, the additional signal genella
i s-constructed by-i ncluding an |nterpolator (menory and 1

m croprocessor) 106a so that the linear interpolations as 30

above can be executed and an. additional  signal
106b.- - -The linear interpolation data |
shown in Fig. 16D are stored in the=menory in sequence.
i nt er pol ati on-

35 -interpolating
under limtation of the transition rate at the
transition p0|nts down to one

37 | - N
i - o 0.5‘;\LSB ~ \.’,_
'T" . 'oass |
1LSB +_ __“_;T_‘ .
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T SR
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ato
Date ...1.5.MAR..1996.....

generating circuit
obt ai ned by the cal cul ation and
The |inear

data represent a-signal waveform obtained- by linearly
t he signal -waveformas shown in Fig. 16C
digital S|gnal

obtalned
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bit digital signals.

t he additional signal
si-gni ficant (M N)
in sequence fromthe 5.
digital data
signals ‘as shown in Fig. 16E

bits fromthe

The addi ti onal
generating circuit 106b
- linear interpolation
i nterpol ation CIrCUIt 106a, which || £
0.5 LSB of the NDIT dlgltal'
The—generated addi ti onal

corresponding to a rang

signal s

can be

To the ‘adder

by takin

BFLAREHE SHEET

ta ou

signal s are
104, N-bit digital -

supplied to the adder 104 of Fig. 14.

10 signal s del ayed by a predeternined t4 circuit 103
are al so supplied. Therefore, the adder 10 adds the gdditional - S
signals to the original digital signals . -as the less sijgnificant bits,

so that the added M bit di giQ.al-SB0grtBsTRre to be outgutted. The del ay
time of the 15 delay -circuit 103 is deterjmiged in guch a|way that the
correspondi ng addi tional signals can be adged ¢ i f digita
signal s supplied through t 's/aescrlbed
above, when the generated additional. 3
104,'it is possible to 20 btain the Mbilt d|
104. W't hout being Ii.njted GALSB Ohdt BITS
preferabl e to snmooth the |linearly int rpo
of sanples t hrough a sﬂﬂﬂBhErNIWﬁ& as sho

c\

| u.sa OF N BITS j'
1LSM OF N\
M BITS_L




.

A.snmoot her 106c-is interposed between the interpol at or 106a

FEFHARERIENT SHEET

addi tional signal generating circuit 106b', to . snoot h
|nterpol ated data supplied by the . _interpolator 106a an furthqr5 MﬂR 1995 '
supply the snoothed - interpolated data to the additionall SPlgriat--S-r- o 90
generating . circuit 106b'. That is; the additional signal generarimg 36 -
circuit 106b' generates the (IVH\I) bi t addltl onal signals on the basis
of the snoothed interpolation data, and .3 supplies t he gener at ed
addi ti-onal 'signals to the adder 104 - of -Fig. 14. : In nore
detail, when the sequential -liner -inter poI ation 35 data are DI ,. D2, D3, °
D4.. D5, D6. D7, ..., the linear *interpolation datg D2°is determned as
(DI +D2+D3) /3 and " the Ill_‘rflaj_rl [ nterpol at| ol_rd,f'ua D3 is determned.
as - : ' S ' o
& i - S :':
Lo , : . _ _
- < l_r_,_ﬂ aa)
U R | O S L
e Lj'_r_‘_ == ]
I~ . | __ |
T. | ‘E'_—.\_|___ | ‘—'I B
- = : : 5 | : L
AN = =5
T T e
I, o) J SR : o
D >
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- 38- . (D2+D3+D4) /3, for instance. [In other words, an| @¢ekA8LumenT sHEET
val.ue of the linear interpolation data for three sanpling periods is
used as the linear interpolation data, in  ~  sequence. Da@315MAR1995
described above, @~ after the linear 5 i nterpolation d bhave-heehe
snoot hed, predeternlned (MN) - bit data are taken out. ~Fig.
28 shows the case where the average val ue of the | i near interpolation
data for four sequential sanpling perd ods is used as the linear ' :
|nterpolat|on data for the 10 sequenti.al sanpling period, by way of
exanple. In Fig. 28, t he |nterpolat|on line (shown by the solid Ilne _
Lc) ~ obtained by the original i near |nterpolat|on data can be :
snmoot hed as shown by the dashve Sc. . . E-H)_I_ﬁ’{he case of the -

, S 3 preferable varly the nunber. of the

snoot hi ng process%ﬂ
sanpling periods ug
magni t ude of. the @«

to the

for average cal cul ation, acdordi _
i nstance, when

gradi ent of the |nterp0Iated 11 ng.

t he gr adi enteg he interpolation line is small, t nunber of

t he sanpling peri®gd d for average calculation’is 20 TPreferably
increased. - In c when. t he - : t he
interpolation line is Iarge nber of . th anpl i ng perlods used

for average calculation is

S B
=




L]

the interpolation Iine changes (into a convex 25 or concave| §% CMENE SHEET

preferably reduced. Further, when the direction of the rg%igg;wq
| Tapey;”
nunber of the sanpling periods is preferably increased. ¥$e i

t

nunber of the sanpling periods is controlled according tjp=fifg e :
Ssituation, it is possible to obtain a nore preferable results. -
Further;, in the case where the nunber of the sanpling 30 used for average
changes according to the nmagnitude of theg . gradient of the -
interpolation line as described above, at— - the portion where the
direction of the gradient of the - - interpolation |line changes (in a
convex or concave shape), . - the area of ‘the portion enclosed by the
interpolation Iines 35. becones so imes smal l'er thangf he rectangul ar
area of the convex . or concaverpoftion enclosed by the lines of

1/ 2[err] o o : N :
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- 39- ' resolution (or one LSB). To overcone this proble REHLﬂQ$ACHToH$L

preferable to previously increase the Hc value (a height of t ?%MAR'@Qﬁ
tfiangle) as explained with reference to Fig. 25C SO LhRe-arean ..
of . the portion encltosed by the 5 |nterpolat|on i nes-Pecomes equat

to the rectangul'ar area of the convex or -concave portion encl osed by

the lines of 1/2[err] resolution (i6e., one LSB). Fig.. 29

shows another enbodi nent  for - addi.ng t he additi onal signals to the
N-bit digital signals. In the 10 case of the-.adder 4 and the adder 104 -
“of the first and-  second . enbodigents shown in Figs,47 and 14, '

respectively, - t he additi onal gnal s are added -
signals within a range of N—br d -SB. '
-in Fig. 29, N bi ty-dig-atsHghs wose 15 | el

LSB t hrough a | evel 4a and the (M N)-bit a
having an anpl it yle bet ween zero and + one LSB are

he N-bit digital
enmbodi nent shown

down by one

onal signals
th supplied to an .

adder . 4b.. g f@r these two signals have been added] the adder 4b

supplies the added{digital signals-to a |evel shifter [4c. 20

The | evel
is reduced

shifter 4c output|s Tthe added digital S|gna|5-.' whosell evel is red .
down by LSB/ 2 of [t he bits, that . .~ is, by the 8 LSBja#L{E? Mbits. The
s = _

Mbit digital sigballs

e

= 15Ts —
B _

/ ) . ; _.

]

F |‘_G'.-

A A 1““”]

\
1LSB

-
B

6B

FIG.




&

the same as with the case of the first and second

obtai ned fromthe output of the level 25 shifter 4c.

-40- WHAT IS CLAIMED I'S: 1. A signal processing nethod for
where Mis
the N-bit digital signals being obtained by converting an anal og signal
into digital signals, the nmethod"’ conpr|5|ng the steps: of

N-bit digital signals into Mbit digital signals,

tranS|t|on p0|nts on atine aXIS and .

b i

i e - %Iy SHEET
tPaim 's?@r’#*&éf

arger than N,

detectlng
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e
interval s between the transition points at which successi ve dj §iTf éclftﬁsrvgmm:i»
signals vary in value;
signals which correct errors.of the N-bit digital

0.5 | east S|gn|f|cant bi't of ‘the N-bit. digital.

of ;the N-bit digital

addl ti onal
a-range of

response to the transition points and the8intervals; _
bit additional signals so as to- corresporﬁ‘to least significant bits of the =~
cofnbi ning the delayed (MN) bit additional.
. signals to generate the Mbit digital .
2. A §I_g.ﬁéts__ﬁLGCES'SL'Dg:_'DEIIEO_d:.OI_ZﬂEEm__L"'WhE'I’El n-the: deteql ng

N-bit digital

signals. 2. ATsigaalk- piacessing; Dperiod of Ti=ionTt--wherern:-the-d
step conprises it her steps of: 10~ det ecti ng sugeessive—rst—seecone—qand |
third tran5|t|o|n pbi nts; and _\(ﬁg‘r@.‘n’ng a f‘lrst rterwal_léngt h tjetvveen '
the first ancb ecoffd transition Ppoi mhs fand ecohd i ntgrva bveen
the second ard ithi fld transition poi B s, and th generfat¥ ! -
conpri ses thef st ep;jof ‘genegat | ng|the st @xabB {so 5 t
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| )
processing period predeterm ned in accordance with the secon@l BtaLualEnT SHEET
I ength-when thhe transition directions at the second and thirg tran Ié%ﬁﬁk
points are different formeach other, the additi onal signals t%l"ffhg 1996..

generated in the second signal processing period in such a way that the an-
integral value of an anal og val ue represented by the Mbit digital signals
is substantially equal to an |ntegral val ue of an anal og val ue represented o
by the N-bit-digital signals.” 3. A S|gn5L-proceSS|ng apparatus for
transforming N-bit digital signals into Mbit digital signals, where Mis
larger than N, the N-bit digital 5|gnals bei ng obt ai ned by convertlng an
anal og signal into digital g gnal s, the apparatus conprising:" - .means for
det ecting tran3|t|on p0|nts 60-a. time axis and intervals between the

5|gnals vary in 3l ue; nmeans, respo% ive to the transition p0|nts and
the intervals, f generatlng (N$N) bi t /addi ti onal 'si gnal's which correct -

!
.

errors of the N it digital signal FWThin a range of 0.5 Ieast =
significant_bit of ithe[N-bit digital WAVEFORM e
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processi ng apparatus of claim 3, wherein the detecting nmeansjiconp
means for delaying the N-bit. digital signals by a specific s Tk r;lgl‘%m 3%96

carried by first clock siignal s to generate the successive digital srgnars,
- 43- means for corrparl ng val ues of t _gener at ed successive digital

signal s - to- generate corrparl sop Si gnal s when the val ues are not equal to
each’ other S b~

OUTPUT

=1 .
S
=
8
<
r .
. _ o
_é“_’ _____________________ -l
o
c»_—\ o -
. R .
e
—_———— \ | —.— —————————— T . @
o R—
: * &-C . L
>-
® 3
]
— A g .
© d ) > - é .
: o | B 28
. u =,
pa © \0 - 89'
5_ -‘-. =X
= o 7 __
~— '




At s st s e e onm e e 8

means, responsive to the conparison signals and second clocklaugna‘,AUMr hefil
degree out of phase fromthe first clock signals, for generalling tran E '
poi nt signals indicative of the transition points. only when hﬁayajdbgA £.1295
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addi tional si gnal s. 7. A signal processing method for trangf r1q5lMlpg|
digital signals i nto Mbit digital signals, where Mis |argef [?#;ﬂ Ah 11995

N-bit digital signal s bei ng obt ai ned by converting an anal og- si‘gnal into .

di gital signals, t he net hod conprising thelSteps of: ~ detecting
transition patterns of successive digital si gnal s of the N-bit digital
S|gnals over transition points on a tine axi's, at the transition. %m Bs the

successive digital ‘signals varying; = generati ng. (MN) -birt addi t Vel :
a range of T

signal s which correct errors-of the Nbit di gital signals: withina
+ 0.5 least significant l_:1_1_t_":of--t-he- N-bit digital. signals based on-g hk— :
transition patQrns; ADNLHLHG The (M N) bjtlsadggtional g.gnals wth the
N- bit di gital -%l-gﬁa’r-s -se--that--tfhe--(MN) bit additi*onal si-gmals €errespond
to |least signifiGant BIYs 0ftThe Nbit digital |signals to generate |the
Mbit di gl tal si (}nal- ~--<-8---A-signal proceSS| ng netfhod of cl,.al mZ7, wher ei n
the . NI SNSRI RS B : T ;
' < e '---,----'-----_-. § : "‘ _
= B S<f--- 8 -
-C _______________ .- . -t D
e aq B B
FT==S S SR S
- Y N . -. N
S e oM e O
N O O ©
....................... — X — —
© >t S a-4> & RS _
I e P ) - L —_— ’
____________________________ .. n . : =
B & L) L)
R G — ] ™ -_—n — C —
QT W o € W e-e s
E ><--8 &2
[T _
e ><--Z =
N b ek S
N Sel--- 0 ™o —
= .(-E__ e pis = —



e sy

o o i
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conducti ng means conpri ses: : means for generating LﬁE%#&QﬂMENDBHEET
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