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I NVENTION 1. Field of the Invention The present invention relates to a
signal processing apparatus, a programfor use in a signal processing
apparatus, a storage nediumstoring thereon a programfor use in a signha
processi ng apparatus, and a signal processing nethod, for converting a
continuous signal such as imge infodnmation or audio information into
other information by means of digital conversion such as filtering or
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processi ng @@ﬁgﬁtﬂﬁ?éﬁgéﬂﬁé% lgglﬁgg% e%&m%at]ﬁurﬂ@s&(;mn dat a

obt ai ned as resu an oper ornmed on given I nput data has a

| onger B#% g GtﬂﬁﬁAﬁ£@§SOfsf@§A HHEDP@&aSTéﬁINé THEERSS AnogRmad] ust

the res data so 0 have t sane bit length as that of the input

data. Fig. 6 féRaugtagﬁamMyslwa@émgm@ ExeiARy 9l vp proness for the
above-described purpose. In Fig. 6, Pnis input data that has been

converted into digital form aRdc®3sSTNG METHOD

BACKGROUND COF THE INVENTION
1. Field of the Invention

The present invention relates to a signal processing
apparatus, a program for use in a signal processing
.apparatus, a storage medium storing thereon a program for
use in a signal processing apparatus, and a signal
processing method, for converting a continuous signal such
as image information or audio information into other
informatioh by means of digital conversion such as filtering
or level adjusting.
2. Description of the Related Art

.In a conventional signal processing apparatus designed
to be used for such‘a purpose, when data obtained as a
result of an operation performed on given input data has a
longer bit length than that of the input data, it is
necessary to adjust the resultant data so as to have the
same bit length as that of the input data.

Fig. 6 is a diagram illustrating an example of a
process for the above-described purpose. In Fig. 6, Pn is

input data that has been converted into digital form, and On



2- is data according to which to control Pn. In general, Qnis |less than
1. Pn and Qn are input to a multiplier 1, and Xn (= Pn x @) is output. In
general, Xn has a bit length equal to the sumof the bit |ength of input
data Pn and the bit length of Qn. To avoid a problemw th the difference
in bit length between the output data Xn and the input data Pn, it is
necessary to convert the output data Xn so as to have the sane bit length
as that of the input data Pn. To this end, Xn is input to a threshol der 2
to shorten the bit length. As a resyts output data Yn having a properly
adjusted bit length is obtained. Note that the bit |ength of the output

. data Yn does not necessarily need to be the sane as that of the input data
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bit length of On.
To avoid a problem with the difference in bit length
between the output data Xn and the input data Pm, it is
necessary to convert the output data ¥n so as to have the-
same-bit.length as that of the input data Pn.
To this end, Xn is input to a thresholder 2 to shorten
+he bit length. As a result, output data ¥Yn having a
properly adjusted bit length is obtained. Note that the bit
length of the output data ¥Yn does not necessariiy need to be
the same as that of the inputldata Pn. |
The thresholding described above can be performed by
(1) unconditional rounding down,  (2) unconditional round up,
or (3) rounding off (rounding ﬁp or down depending on a
given value}.
For example, when X is given as an input value, if
operation Y = 0.02X + 1 is performed on X and the resultant
value of Y is rounded down or rounded off to an integer, the
output value is obtained as shown in Fig. 7 (the output
value obtained by means of rounding up is not shown in Fig.
7).

In the case of rounding off, the integral value



In the case of rounding off, the integral value 3 obtained by rounding off
Yis 1 for the input value snmaller than 25, but the integral value junps
to 2 when the input value X becones 25. As can be seen fromFig. 7, the

i ntegral value obtained by rounding off or rounding down the calcul ated
value Y changes in a stepwi se fashion (in a discontinuous fashion). In the
above-descri bed conventional technology, the final output value includes a
nore or |ess error whichever technique of (1) rounding down, (2) rounding
up, or (3) rounding off is used. In Bhe case of rounding off, if errors
are averaged over a long period, the averaged error becones 0. In
contrast, when roundi ng-down is used, each output value includes an error
of 0.5 on .aver .. Even i.n 't f ungdi_n , viafl yeu f1%al ues are
not averoéj&éaol,ne%%é'r eréjtungrlﬁlgr Oro%%c&raé%f gr f\r(/)z%l tr}gls? g'lng)f‘s}et t‘ﬂglggc%&gi scont i nuous
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varies Imna narrow range close to a transition point, or when the
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| arge error "and renal ns unchanged for a |long period.
calculated value Y changes in a stepwise fashion (in a
discontinuous fashion).

In the above-described conventional technology, the

- final output value includes a more or less error whichever
technique of (1) rounding down, (2) rounding up, or (3)
rounding off is used. In the caée of rounding off, 1if
errors are averaged over a long period, the averaged error
becomes 0. In contrast, when rounding-down 1s used, each
output value includes an error of 0.5 on average. Even in
the case of rounding off, if output values are not averaged,

a great error occurs for values close to each discontinuous

transition point. 1In the case in which the input value X

varies linearly as in the example described above, the error
alternately increases and decreases as the input value X
varies. However, when the input value X varies within a
narrow range close to a transition point, or when the input
value X varies at a low rate, the rounded value of ¥
includes a large error and remains unchanged for a long
period.

Furthermore, when there is a rége difference in bit

length between the input data and the output data, the



Furthernore, when there is a rage difference in bit |ength between the
1nput data and the output data, the 4 cunul ative value of the output data
can have a great cumulative error with respect to the cumnul ative val ue of
" the input data. Wien a large cunul ative error causes a problem signal
processing is perfornmed using a |large nunber of bits such that the error
arising via the signal processing is mnimzed and such that the

currul ative error does not cause the output data to be biased in a
particular direction. Wether the errar -causes a problem or not depends on
the bit length of the output data and on for what purpose the output data
is used. In general, the bit length used in the signal processing is

determ ned such that the erraor falls wthin an allowabl e range. That is,
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minimized and such that the cumulative error does not cause
L) the output data to be biased in a particular direction.
Whether the error causes a problem or not depends on
the bit length of the output data and on for what purpose
the output data is used. In general, the bit length used in
the signal processing is determined such that the error
falls within an allowable range.
That is, the error can be reduced toc a sufficiently
small range by increasing the bit length used in the signal
processing or by increasing the memory capacity.
However, in some cases, it is not allowed to increase
the bit length to reduce the error (tﬁat is,.in some
applications, it is required to perform signal processing
using a limited number of bits). For example, in some
applications, only on-off processing is allowed. In some '
other applications, on-off processing is more desirable to
achieve a high energy efficiency although continuocus:
processing is also allowed.

In some applications such as level adjustment of

digital audioc data or contrast adjustment of digital image



processing is also allowed. In sone applications such as |evel adjustnent
of digital audio data or contrast adjustnent of digital inage 5 data, if
the dynamic range is reduced as a result of |level adjustnent or contrast
adj ustnment, the reduction in dynam c range causes a reduction in the
nunber of bits that can be wused to represent signals in the reduced
dynam c range becones snmaller. This nmeans that the relative error with
respect to the signal increases as the signal |evel decreases. In thernmal
ink-jet printers, a fixed anount of ink _droplet is emtted at a tine and
the amount of ink droplet emtted at a tinme cannot be changed. That is,
when an ink image is formed on a recording nmedium em ssion of ink at
each dot is performed by neans of two-level control in which a fixed
anount ofddtsk difophet dysamhtt rengerinorddicdd aseni resdltTofathireve hal ftone
representation using two-level ink em ssion at each dot, the density of
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becomes smaller. This means that the relative error with
respect to the signal increases as the signal level
decreases.

In thermal ink-jet printers, a fixed amount of ink
'droplet is emitted at a time and the amount of ink droplet
emitted at a time cannot be changed. That is, when an ink
image is formed on a recording medium, emission of ink at
each dot is performed by means of two-level control in which
a fixed amount of ink droplet is emitted or no ink is
emitted. To achieve halftone representation using two-level
ink emission at each dot, the density of inked dots per unit
area is modulated. To this end, error diffusion or
dithering is widely used. However, to achieve good enough
halftone representation, complicated computation is needed,
and thus a complicated circuit and a long computation time

are reguired.

SUMMARY OF THE INVENTION
Example embodiments may provide a technique to
perform signal processing without creating significant

degradation in smoothness or frequency



Exanpl e enbodi nents nmay provide a technique to performsignal processing
w thout creating significant degradation in snoothness or frequency - 6
characteristics, even if the bit length is reduced when an input digital
signal is processed. In accordance with a first aspect of the present
invention, there is provided a signal processing apparatus for receiving
digital signals that are continuously related and input sequentially,
perform ng a predeterm ned operation on each of sequentially input digital
signals, and outputting a result of _tge_operation, the signal processing
apparatus conprising: operation nmeans for performng the predeterm ned
operation on an input digital signal, high-order part extraction neans for

extracting a necessary high-order part. by rounding off result of the
oper at i on“ PR ForHEed By Sh VeBpé?aFﬁ%nbh%aﬁ%?g Fﬁb%@ﬁ&&egaWEGPaﬁPon means
for calcu i . thhe (dif.feren n the result of the operation
perfornedlﬁ%%pgﬁgigﬁgT§Fﬁ§ﬁ%n%§n§§é%%§?%%'high-order part extracted by the
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input digital signal, the difference valu cal cul ated by the difference
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operation on the difference value calculated by the difféerence cal culation

nmeans. for receiving digital signals that are continuously related
and input sequentially, performing a predetermined operation
on each of sequentially input digital signals, and outputting
a result of the operation, the signal processing apparatus
comprising: operation means for performing the predetermined
operation on an input digital signal, high-order part
extraction means for extracting a necessary high-order part
by rounding off a result of the operation performed by the
operation means, difference calculation means for calculating
the difference between the result of the operation performed
by the operation means and the high-order part extracted by
the high-order part extractioﬁ means, and feedback means for
adding, to a next input digital signal, the difference value
calculated by the difference calculation means or a value
obtained by performing a predetermined operation on the
difference value calculated by the difference calculation
means.

In the signal processing apparatus in example

embodiments, an error arising via rounding-coff processing is

calculated by the difference calculation means, and the error

or a value obtained by performing the



In the signal processing apparatus in exanple enbodinents, an error
arising via rounding-off processing is calculated by the difference

cal cul ati on neans, and the error or a value obtained by performng the - 7
predeterm ned operation on the error is added to a next input digital
signal via the feedback nmeans. Because each error is fed back in such a
manner that an error arising via an operation performed on an input

digital signal is added to a next input digital signal, an error arising
via an operation perfornmed on the nex? +nput digital signal is added to a
further next input digital signal, and so on, accunulation of errors is
prevented. In accordance with a second aspect of the present invention,

there is provided.ady eOLauLion yeeuhd &.910Nal o ALOCESSE g Appar atus for

receiving digi signafls t are continuously related an nput

sequent i al hput REIJiQTAY RG gRapr e@gt en8l nessvner ald0fy on each of sequentially
input digital signals, and outputting a result of the operation, the
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means for performng the predeterm ned operation on an input digital
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hi gh- order part by rounding off a result of the operation perforned by the
operat|oﬁuﬂg§ﬁslsd@ﬁﬁ§ﬁeﬁ@ea next input digital signal, an error

arising via an operation performed on the next input digital
signal is added to a further next input digital signal, and
so on, accumulation of errors is prevented.

In accordance with a second aspect of the present
invention, there is provided a program for use in a signal
processing apparatus for receiving digital signals that
are continucusly related and input sequentially,
performing a predetermined operation on each of
sequentially input digital signals, and outputting a
result of the operation, the program causing the signal
processing apparatus to function as: operation means for
performing the predetermined operation on an input digital
signal; high-order part extraction means for extracting a
necessary high-order part by rounding off a result of the
operation performed by the operation means; difference
calculation means for calculating the difference between
the result of the operation performed by the operation
means and the high-order part extracted by the high-order

- part extraction means; and feedback means for adding, to a
next input digital signal, the difference value calculated

by the difference calculation means or a value obtained



cal cul ation neans for calculating the difference between the result of the
operation perfornmed by the operation neans and the high-order part
extracted by the high-order part extraction neans; and feedback neans for
adding, to a next input digital signal, the difference val ue cal cul ated

by the difference cal cul ati on neans or a value obtained 7a by performng a
predeterm ned operation on the difference value calculated by the

di fference cal cul ati on neans. In accordance with a third aspect of the
present invention, there is provided a storage nmedi umreadable by a

si gnal processing apparatus and storifg a programfor wuse in the signal
processi ng apparatus for receiving digital signals that are continuously
rel ated and i nput sequentially, perforning a predeterm ned operation on

each of sequentlally |nput di gi tal nals, and outputting a result of the
:
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operation for erfqorm he predeterm ned operation on an
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' a signal processing apparatus and storing a program for
‘use in the signal processing apparatus for receiving
digital signals that are continucusly related and input
sequentially, performing a predetermined operation on
each of sequentially input digital signals, and.
outputting a result of the operation, the program
causing the signal processing apparatus to function as:
operation means for performing the predetermined
operation on an input digital signal; high-order part
extraction means for extracting a necessary high-order
part by rounding off a result of the operation
performed by the operation means; difference
calculation means for calculating the difference
between the result of the operation performed by the
operation means and the high-order part extracted by
the high-order part extraction means; and feedback
means for adding, to a next input digital signal, the
difference value calculated by the difference
calculation means or a value obtained by pefforming a
predetermined operation on the difference value

calculated by the difference calculation means.



operation neans and the high-order part extracted by the high-order part
extraction neans; and feedback neans for adding, to a next input digital
signal, the difference value calculated by the difference calculation
means or a val ue obtained by performing a predeterm ned operation on the
difference value <calculated by the difference calculation neans. 7b In
accordance with a fourth aspect of the present invention, there is
provi ded a nmethod for causing a signal processing apparatus to be capable
of receiving digital signals that are continuously related and i nput
sequentially, performng a predeterm nedloperati on on each of sequentially
i nput digital _signals, and putputtingﬁg result of the operation, the
nmet hod conpr L& AGCCRA*BRer 4t FoR SERE QT gs&acdr mfnghehereperiet er ni ned
operation.q& n. input digital signal; a hhgg-%rder gart extraction step of
extracti nf S hecdysari hitghPEPIerePart "By PEuhaf ng2bBF+7a ? e219%2bbt ai ned
in the erallon step: '%f ce_cal.cul atLon step.of .cal uhating t he
di fferen2§ %%menét%gp?]gasu %E)t?tgel n%%??}?lfet%e 5%%?%1 i on gf’%b and the
hi gh- or deg; ga1s exhaacked LBntiRENLgY- QLdgkpaLhLxiagtion step; and a
feedback step of adding, to a next Input digital sigﬁ%l, the difference
val ue cal sednadeeli 401{hepditbenengeacakedbatiral ngtieRRra®ion on

each of sequentially input digital signals, and

cutputting a result of the operation, the method

comprising: an operation step of performing the

predetermined operation on an input digital signal; a

high-order part extraction step of extracting a necessary

high-order part by rounding off a result obtained in the

operation step; a difference calculation step of

calculating the difference between the result obtained in

the operation step and the high-order part extracted in

the high-order part extraction step; and a feedback step

of adding, to a next input digital signal, the difference

value calculated in the difference calculation step or a

value obtained by performing a predetermined operation on

the difference value calculated in the difference

calculation step.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a block diagram illustrating a signal
processing apparatus according to a first embodiment of the

present invention;
Fig. 2 is a diagram illustrating, in the form of a

graph, an operation result;



val ue obtained by perform ng a predeterm ned operation on the difference
val ue calculated in the difference calculation step. BRI EF DESCRI PTI ON OF
THE DRAWNGS Fig. 1 is a block diagramillustrating a signal processing
apparatus according to a first enbodi nent of the present invention; Fig. 2
is a diagramillustrating, in the formof a graph, an operation result; -
7c Fig. 3 is a graph showing results of operations (operation A and
operation B) that are simlar to the operation shown in Fig. 2 and that
are perfornmed sinultaneously such that there is a phase difference between
them Fig. 4 is a diagram show ng examples of images formed by controlling
the density of dots per unit area using the process according to the
present invention; Fig. 5 is a block diagram of a signal processing
apparatus according to a second enbodi nent of the present 8 invention;

Fig. 6is a df&@rag1éﬁoﬂﬁ%@PEPCEH%W%%QK%%%H%R?rﬁﬁiﬂ&?raééééﬁding to a
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operation shown in Fig. 2 and that are performed
simultaneously such that there is a phase difference between
them;

Fig. 4 1s a diagram showing examples of images formed
by controlling the density of dots per unit area using the
process according to the present invention;

Fig. 5 is a block diagram of a signal processing

apparatus according to a second embodiment of the present




i nput and out put values for a case in which the fractional portions of

i nput values are discarded and for a case in which input values are
rounded of f to nearest integers. DESCRI PTION OF THE PREFERRED EMBODI MENTS
The present invention is described in further detail belowwth reference
to specific enbodiments in conjunction wth the acconpanyi ng draw ngs.
First Enbodinent Fig. 1 is a block diagram showi ng a signal processing
apparatus according to a first enbodi mrent of the present invention.

Al t hough in the present enbodi nent, -t lge-si gnal processing apparatus 10
shown in Fig. 1 is assuned to be realized by hardware (for exanple, in the
formof a signal processing circuit), the signal processing apparatus 10
may also be realized by software. All registers such as a register 11
shown i APFSRE P Gperate i n synchronization with the same clock signal. In

the hresent guodiront. BY.uexol.gxanp) e geagho LOBULLHat . Xoba SUbI ect ed

to an operat on “feans "according to the present

inventiog%%§ C%%g&p%-t%n%%%ﬁg%ﬁéTmeg%%?%i%%O%ﬁ'Y =0.02X + 1. A

hi gh- or & “aval'ue "obtained as |t of the above operation is
extract ed byFE89”9'99 QfBrBBﬁ gﬁBHgng the relationship between

input and output values for a case in which the fractional
portions of input values are discarded and for a case in

which input values are rounded off to nearest integers.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
The present invention is described in further detail
below with reference to specific embodiments in conjunction

with the accompanying drawings.

First Embodiment

Fig. 1 is a block diagram showing a signal processing
apparatus according to a first embodiment of the present
invention. Although in the present embodiment, the signal
processing apparatus 10 shown in Fig. 1 is assumed to be
realized by hardware {(for example, in the form of a signal
processing circuit), the signél processing apparatus 10 may
also be realized by software. All registers such as a
register 11 shown in Fig. 1 operate in synchronization with
the same clock signal.

In the present embodiment, by way of example, each

input data X is subjected to an operation (performed by



to an integer (by high-order part extraction neans according to the
present invention), and a residual fraction is dealt wth as an error. In
Fig. 1, an NNbit digital signal is input to the input register 11. The
digital signal input to this input register 11 is transferred to an input
adder 12. To the input adder 12, an error generated in a previous
operation is also input. The input digital signal and the input error are
added by the input adder 12. The addition result is output to a high-order
bit register 13 and a |ow order bit %egister 14. As shown in Fig. 1, if K
bits of the input NNbit digital signal Xn is output to the high-order bit
register . 13, then the nunber of bits output to the loworder bit register

14 is (N FS@%‘EH L8 IBIehSreS‘EESEdl G Ls Qﬁ‘ée pioedeWogtbgeishe val ue out put

from t h&® reglster I'S equa to or greater than 0.5. If the

val ue o he, Lo EnQl baukegbster 14 is equal to or greater
t han 0.§E8?%d££§nﬁé ?gg ?%ggggdngp %g the high-order bit value by adding 1

to the - 10 h1 pit adder 15. As a result, 1 is added to the value
out put fron1the i gh- order bit register 13. Wen 1 is input to the

hi gh-order bjt,addes-d8r bher &f rorvansel shbgideonas he reumdi mgf up is input
to the | ow

the above operation is extracted by rounding off the value

to an integer (by high-order part extraction means according

to the present invention}, and a residual fraction is dealt

with as an error.

In Fig. 1, an N-bit digital signal is input to the
input register 11. The digital signal input to this input
register 11 is transferred to an input adder 12. To the
input adder 12, an error generated in a previous operation
is also input. The input digital signal and the input error
are added by the input adder 12.

The addition result is output to a high-order bit
register 13 and a low-order bit register 14.

As shown in Fig. 1, if K bits of the input‘N—bit
digital signal Xn is output to the high-order bit register

13, then the number of bits output to the low-order bit
‘register 14 is (N - K) bits.

Thereafter, it is determined whether the value output.
from the low—order bit register 14 is equal to or greater
than 0.5. If the value output from the low-order bit
register 14 is equal to or greater than 0.5, the value 1is

 rounded up to the high-order bit value by adding 1 to the



order bit adder 16 (by difference cal cul ation neans according to the
present invention). For exanple, if the value output fromthe | ow order
bit register 14 is 0.7, then it is determ ned that the val ue output from
the loworder bit register 14 is greater than 0.5, and 1 is input to the
hi gh order bit adder 15. In this specific case, the error resulting from
the rounding up is -0.3, and -0.3 is input to the loworder bit adder 16.
When rounding up is perforned, if the value output from the | ow order bit
register 14 is P, then (1 - P) x (~1)1ds calculated and the resultant val ue
is input to the low order bit adder 16. On the other hand, when it is
determ ned that the value output fromthe |oworder bit register 14 is

ST Ay Sl P L S ettt

ronithé [ow order register 14 is

direct|y_input, g}@utggg ow.qrder Bi ,adde16,Chythe 1difference

cal cul a ng % present invention). Thus, rounding off
to the ex”aﬁh & 1 tsg‘ﬂl p%r Lol $na ljx%gh peaterged é(&i@ei"hﬁiiab@?tl@ descri bed

process. A K- Itie otit put” from t high order bit adder 15 is sent to
an OUtp%&ro%g&%%%ﬁtﬁ%ga%QoQPEm%tr%%n@%%@ ¥B is input to the low-

order bit adder 16 (by difference calculation means

according to the present invention). For example, if the

value output from the low-order bit register 14 is 0.7, then

it is determined that the value outpﬁt from the low-order

bit register 14 is greater than 0.5, and 1 is input to the

high order bit adder 15. In this specific case, the error

resulting from the rounding up is -0.3, and -0.3 is input to

the low-order bit adder 16.

When rounding up is performed, if the value output from
the low-order bit register 14 is P, then

(L - pP) x (-1)
is calculated and the resultant value is input to the low-
order bit adder 16.

On the other hand, when it is determined that the wvalue
output from the low-order bit register 14 is smallexr than
0.5, 1 is not input to the high order bit adder 15, but the
value (fraction part) output from the low-order bit register
14 is directly'input to the low-order bit adder 16 ({(by the
difference calculation means according to the present
invention).

Thus, rounding off to the extracted integer part is



therefrom On the other hand, the output value fromthe | oworder bit
adder 16 is input to the fraction processing register 18, which in turn
converts the received fractional value into a value with a predeterm ned
~nunber of bits (a predeterm ned nunber of deciml places). The resultant
value is input to the input adder 12 thereby feeding back the error (by

f eedback nmeans according to the present invention). The process described
above is described in further detail below. Herein, it is assumed that

i nput values are given in the form ofi a sequence of continuous rea

nunbers {X1, X2, X3,....}. Each of the real nunbers X1, X2,... consists of
an integer part A and a fraction part B. That is, each real nunber can be

expressed as Xn = An + Bn Let Yn be an output val ue obtained by rounding
of f Xn PEFIafmest &gér theopbexsmpies Conres REOCESGiven as X1 = Al + Bl then

viis given By, y =L 32cput! srORNERS 500R) 0288 bl MNE0Qe 2 < <L)
is sent to an output register 17 and output as data ¥Yn
therefrom.

On the other hand, the output value from the low-order
bit adder 16 is input to the fraction processing register 18,

y which in turn converts the received fractional value into a
value with a predetermined number of bits (a predetermined
number of decimal places). The resultant value is input to
the input adder 12 thereby feeding back the error (by
feedback means according to tﬁe present inveqtion).

The process described above is described in further
detail below.

Herein, it is assumed that input values are given in
the form of a sequence of continuous real numbers {X1, XZ,
X3,....}.

Each of the real numbers X1, X2,... consists of an
integer part A and a fraction part B. That is, each real
number can be expressed as

Xn = An + Bn

Let ¥Yn be an output value obtained by rounding off Xn
to an integer. For example, when X1 1is given as

X1 = a1 + Bl

then Y1 is given by

Y1l = [X1]



where [ Xn] denotes the operation of rounding off Xn to a particular digit
(in the present enbodinent, a fractional part is rounded off to an
integer). If Y1 = Al (that is, if rounding up does not occur), then Y2 =
[X2 (= A2 + B2) + B1l] (A2 (whenB2+B1<0.5) 1A2+1 (when 0.5<B2+Bl< 1) On

t he ot her hand, when Yl = Al + 1 (that is, when rounding up occurs), Y2 =
[X2 (= A2 + B2) + (Bl - 1) ] 1A2 (when B2+ Bl-1< 0.5) 1A2+1 (when 0. 5<B2+
Bl-1< 1) Al Yn are determ ned one by one in the above-described nanner.
In the present enbodiment, an error_cyfgated as a result of rounding off is
handl ed (added) when a next value is input. For exanple, if rounding up
occurs in the calculation of Yl Yl is given by YI = A + 1 Herein,

al t hough Yl is r er J%%ﬁ ftual input value X1, the error is
subtracted mhen determ ned. Therefore, this error is

conpletely cancel A&#l mﬁanﬁﬁBﬂﬁ1YI + Y2.

where [Xn] denotes the operation of rounding off Xn to a
particular digit (in the present embbdiment, a fractional
part is rounded off to an integer).

If Y1 = Al (that is, if rounding up does not occur},
then

Y2 = [X2 {= AZ + B2} + Bi]

(A2 (when B2 + B1<0.5)
“|A2+1 (when0.5<B2+Bl< 1)

On the other hand, when Y1 = A1 + 1 (that is, when
rounding up occurs),

.Y2 = [X2 (= A2 + B2} + (Bl - 1)1

[A2 (when B2 + B1-1<0.5)
=iA2+1 (when 0.5< B2+ B1-1< 1)

All ¥Yn are determined one by one in the above-described
manner.

In the present embodiment, an error created as a result
ﬁf rounding off is handled (added) when a next value is
‘input. For example, if rounding up occurs in the
calculation of Y1, Y1 is given by

Y1 =2l +1

Herein, although Y1 is greater than the actual input

value X1, the error is subtracted when next value ¥2 is

determined. Therefore, this error is completely cancelled



Thus, when Y1, Y2,..., Yn are determ ned one by one, the sum of thereof
(YL + Y2 +... +Yn) is given by SUMYn) _ (Al +1') + (A2 +1') + (A3 +

1)y +... +(An+1) +(BL-1) +(B2-1) +(B3-1") +... +(Bn -
1') =X + X2 + X3 + ... + Xn where 1* takes 1 only when a carry appears as
aresult of rounding off. In the above equation, (A + 1*) to (An + 1%*)
are integer parts, and (Bl - 1*) to (Bn - 1*) are fraction parts. 1In the

above equation, if 1* takes 1 (that is, if a carry appears) , for exanple,
intermAl, then 1* takes 1 also i+~ t®&rm Bl. Therefore, when Yl, Y2,...,

Yn are added together, errors arising fromrounding off are all cancelled
out (that is, errors are not accunul ated). Thus, the sum of Yn (output

val ues) becaone e&ua% to the sumof Xn (input values). Thus, when data to
be procédtedh Tonti%uous, theoreti cally, no error occurs if the

processing i perf or ned.using a | akge 0 nuabel ehebbiySonElg. 2 shows,
in the form EP“e?'gP’glﬁr?, QtlheerEés'ul't' &gbﬁgigng%tavemen Y = O.GOZ& +1is

cal cul ated in the a@[f) Pécgif’stcfli hed,grgnner ., IyhFiig GvdiPloy s (Rupese of
conpari s > e resu%/o ai'ned when the - 12 .
(A1 + 1%) + (A2 + 17) + (A3 + 17) + ... + (An + 1) + (Bl - 1)
+ (B2 — 1" + (B3 - 17) + .. + (Bn - 17)

= X1 + X2 + X3 + ... + Xn
where 1" takes 1 only when a carry appears as a result of
rounding off.

In the above equation, (Al + 1) to (An + 1%) are
integer parts, and (Bl - 17) to (Bn - 1) are fraction parts.
In the above equation, if 1" takes 1 (that is, if a

carry appears), for example, in term Al, then 1" takes 1
élso in term BI1. Therefore, when Y1, Y2,..., Yn are added
together, errors arising from rounding off are all cancelled
out (that is, errors are not accumulated) .

Thus, the sum of ¥Yn {output values) becomes equél to
the sum of Xn (input wvalues).

Thus, when data to be processed 1is continuous,
theoretically, no errcr OCCUrs ifrthe proceésing is
performed using a large enough number of bits.

Fig. 2 shows, in the form of a graph, the result
obtained when

Y = 0.02X + 1
is calculated in the above-described manner. In Fig. 5, for

the purpose of comparison, the result obtained when the



calculation is perforned according to the conventional rounding-off schene
is also shown. As shown in Fig. 2, in the sinple rounding off schene, the
out put does not change unless the factional part of an input val ue reaches
a threshold value. In contrast, in the schene according to the present
enbodi nent, each fractional value arising as a result of rounding off is
added to a next input value, and thus the output val ue changes frequently.
The frequency of the change is proportional to the difference between the

i nput val ue and the output value, that is, the absolute value of the
error. The output value, which changes back and forth between two val ues,
can be snoothed by neans of averaging using a filter or the like. Al though

the error arising as.a result of rounding off ,.in each cal ation can be
twice th%ag?‘ﬂi‘?‘tf%tl%c%%? TR tHe LT Vg%ﬁ%n%}fe r%oul}lvirh%ioé}%\!‘l scheme, the
novi ng aver ag a|i§gb§§ inputs X has a small error

e Lgfgn qﬁer ahﬁléﬁ
because “THRBUIPUL" cHANGES et The® T put changes a in a small range. In
Fig. 2, the rﬂ)wsqg)w%vﬁ{]ngg%t%.a@n W EhLS %(i?ng)i% \i%ufﬂd\ﬁ%%f?)@fms%h'e%es,hovm-

Thi s curve indi cates e foving average changes thin a small range.

|n the scens, accoralag 46 LA Mesalcsrbal Bl es atal desst idecabove, in

a range in an error becones great, the output value frequently
changes 9?195? apch fOr iy et yeency taen yah upsiu@nd Ehusodiraver agednel ue
equal to the

becones
scheme according to the present embodiment, each fractional
value arising as a result of rounding off is added to a next
input value, and thus the output value changes frequently.
The frequency of the change is proportional to the
difference between the input value and the output value,
that is, the-absolute value of the error. The output value,
which changes back and forth between two values, can be
smoothed by means of averaging using a filter or the like.

Although the error arising as a result of rounding off
in‘each calculation can be twice the error that occurs in
the conventional rounding off scheme, the moving average
taken over a plurality of inputs X has a small error because
the output changes when the input changes a in a small range.
In Fig. 2, the moving average taken over successive five
points is shown. This curve indicates that the moving
Iaverage changes within a small range.

In the scheme according to the present embodiment, as
described above, in a range in which an error'becomes great,
the output value frequently changes back and forth between

two values, and thus an averaged value becomes equal to the



- 15 nedian of the two values. Furthernore, because the majority of error
conponents lie in a high frequency range, it is possible to easily renove
t he hi gh-frequency conponents (errors) fromthe output sinply by passing
the output through a sinple (loworder) |owpass filter. Another exanple of
t he process of feeding back an error fromthe fraction processing register
18 to the input adder 12 is described below. In the case in which
continuous digital signals are sequentially input, errors can be well
handl ed by feeding back the error viagtbe input adder 12 in the
above-descri bed nmanner. However, when inputs are given in the formof Xn =
An + Bn, if inputting is stopped, a new fraction part Bn does not occur,
and a current fraction part Bn to be added to a next input val ue remains
wi t hout TEHRP Rfdddruntia HaSfext THpdte I RAUe PaFavs cadth®amMay OFiFdn.
However, in this case, the fraction part Bn has no correlatign wth the

next in QUe, CHMPIS PrigsdVih 18T THRaTsneet iF6R9Far £ B S s not only

S
meani ngl_ess hut can be . harnful dependi.ng on the next input value Xn. For
ol o SaaRPLe Ha g S Sra & Uiy ke ea S GWARET Shus no' er v or

\S; 2_|O E L d b Z@ Orreirrgtgr 33:1 f%Yrgdf% in{hea Q) u%guqcr s i%pﬁaj} (:T‘:)ry tpgasns i%'g5 tliq(aerr%iu %)’utt he out put
through a simple {low—order) lowpass filter.

Another example of the process of feeding béck an error

) from the fraction processing register 18 to the input adder
12 is described below.

In the case in which continuous digital signals are
sequentially input, errors can be well handled by feeding
back the error via the input adder 12 in the above-described
manner.

However, when inputs are given in the form of Xn = An +

" Bn, if inputting is stopped, a new fraction part Bn does not
occur, and a current fraction part Bn to be added to a next
input value remains without being added until the next input
value Xn is actually given.

However, in this case, the fraction part Bn has no
correlation with the next input value, and thus preserving
0of the fraction part Bn is not only meaningless but can be
harmful depending on the next input value Xn.

For example, when a next input value Xn is very close
to ¥n and thus no error should appear in ¥n, if an error

greater than 0.5 remains, the output value becomes different

from the expected value (that is, Xn + 1 or ¥Xn - 1 is



fromthe expected value (that is, Xn + 1 or Xn - 1 iS --- ------------- 16
output). One technique to avoid the above problemis to reset the error
(to be added to a next input value) stored in the fraction processing
register 18 to zero, when the next input value Xn becones zero after the
operation of a sequence of digital signals (a first set of digital
signals) is conpleted. In this technique, when a next sequence of digital
signals (a second set of digital signals) Xn is input, the operation is
started froman initialized state. Captrary to the above, a value stored in
the fraction processing register 18 nmay be used to create a particul ar
effect on the next operation. For exanple, when two operations are

si mul t aneously perforned under the control of the .same clock signal,
resultsoBEHuﬁi "out put such that they have a particular relationship (for
exanple, results,are . output not sanme ti but aHFperloq;cally

shifted e Fe%%w% sawﬂgf e A e
AL i MR e i (a1
there '%récEﬁéﬁepghEégé?H&er88£¥€89 18 to zero, when the next input

value Xn becomes zeré after the operation of a sequence of

digital signals (a first set of digital signals}) is

completed.

In this technique, when a next sequence of digital
-signals (a second set of digital signals) Xn is input, the
operatioh is started from an iniltialized state.

Contrary to the above, a value stored in the fraction
processing register 18 may be used to create a particular
effect on the next operation. For example, when twd
6perations are simultaneously performed under the control of
the same clock signal, results can be output such that they
have a particular relationship (for example, results are
output not at the same time but at periodically shifted
times or positions).

Fig. 3 is a graph showing results of operations
foperation A and operation B) that are similar to the
operation shown in Fig. 2 and that are performed
‘simultaneously such that there is a phase difference between
them. In Fig. 3, a sc¢lid line represents an operation A,
and a broken line repfesents an operation B (A + 0.5).

Fig. 4 shows examples of images-formed by controlling



them In Fig. 3, asolid line represents an operation A, and a broken line
represents an operation B (A + 0.5). Fig. 4 shows exanples of inages forned
by controlling 17 the density of dots per unit area using the process
descri bed above. In Fig. 4, values varying in units of steps from1l to 100
are input, and the input values are binarized by thresholding themwth
respect to 100. Each tine the sumof fed-back errors becones greater than
100, a dot is forned. In Fig. 4, atinme axis is taken in a direction
denoted by an arrow (fromup to down)j;That is, dots are formed fromup to
down in Fig. 4. 50 sequences of dots are obtained via independent
processing, and results are shown in Fig. 4 such that sequences of dots

are shifted sequence QX sequence in a horizontal direction. In 50
sequences®f At sEE W ORS tIRY BT HRE IR DFtheFiRFOULST andom val ues

from1l tq 100, ar iven as_50 jnitial values (located in a horizontal |ine
at the t%‘fﬁ‘?r@]e H%D%‘t"ﬁer Fantt i n® 507 St ntdsy B9 ddt S%HGmPon t he

L oni-hangest 95 ol Fi8 g SpLeraibiion ol §yalues (properlpordered
S PSR S DR RO M Gy B2 TR LY e, oper at ono
the ini t%ﬂhe %essurpyofoﬁé&%écjﬂpgarrors becomes greater than 100, a

dot is formed. In Fig. 4, a time axis is taken in a
awj direction denoted by an arrow (from up to down). That is,
dots are formed from up to down in Fig. 4. 50 seguences of
dots are obtained via independent processing, and results
are shown in Fig. 4 such that sequences of dots are shifted
sequence by sequence 1in a horizontal directioh.

In 50 sequences of dots shown on the left-hand side of
Fig. 4, random values from 1 to 100 are given as 50 initial
values (located in a horizontal line at the top}.

On the other hand, in 50 sequences of dots shown on the
right-hand side of Fig. 4, a repetition of 6 values
(properly_ordered integral multiples 16, that is, 16, 32, 48,
64, 80, and 96) is given as initial wvalues.

As can be seen from Fig. 4, when a plurality of
operations are performed in parallel as in image processing,

it 1s possible to change the initial phases by controlling

the initial values thereby achieving desirable effects.

Second Embodiment

Fig. 5 is a block diagram showing a signal processing



the initial values thereby achieving desirable effects. Second Enbodi nent
Fig. 5 is a block diagramshow ng a signal processing - 18 apparatus
(signal processing apparatus 10A) according to a second enbodi ment of the
present invention. In the second enbodi nent, unlike the first enbodi nment
described above with reference to Fig. 1 in which each fractional value
(error) is directly added to a next input value Xn, the fractional val ue
is added via a multiplier 21. That is, the fractional value output from
the loworder bit adder 16 is input {® the nmultiplier 21 and nultiplied by
a constant a (for exanple, 0.75) smaller than 1. If Xn is not input for a
| ong period, the fractional value is reduced at each operation interval,
and thus the fractional value decreases toward zero. Therefore, when Xn
i s i npUPPHYETUS | HgNFdr P RRSInG WrRe atesxd 0Rg rdizg terfor (a
fractiog%eadded to the input value Xn has becone very snmall, and thus the
oper at i SFFRATEEN T of Hig ereamdt aRvieRHLP-dentical to the initi al
state, althoygh hhe very snall .error adgeg to the, input value Xp. In the
present enboggnﬁ ?,SBEBBéSEHEPpépgthaPn ¢ ErthﬂugFﬁﬁgtﬁ@bBBé?ﬁ?gon are fed
back su%? thaé)e ch error. LS e%gded to_.a next input yalue Xn, error
conponefits Ge f?ﬁﬁﬁvedﬁ'ﬁﬁgxi E5pEFat® lﬁreliﬁnawﬁﬁﬁﬁ fe&uency range.
I'f the fractional value (error) is directly added to a next input

value Xn, the fractional value is added via a multiplier 21.
?} That is, the fractional wvalue output from the low-order bit
adder 16 is input to the multiplier 21 and multiplied by a
constant o (for example, 0.75) smaller than 1.

If Xn is not input for a long period, the fractional
value 1s reduced at each operation interval, and thus the
fractional value decreases toward zerc. Therefore, when Xn
is input after a long period during which no Xn is input, an
error (a fraction) added to the input value Xn has become
very small, and thus the operation is performed in a state
substantially identical to the initial state, although the
very small error added to the input value Xn.
In the present embodiment, because errors that occur

during the operation are fed back such that each error is
added to a mnext input value Xn, error components occurring
during the operation lie in a high frequency range. If the
output including the error components is oversampled at a
frequency higher than twice the Nyguist frequency, the error

compeonents are shifted to a further higher frequency range.

This makes it possible to easily remove the high frequency



out put including the error conponents is oversanpled at a frequency higher
than twi ce the Nyquist frequency, the error conponents are shifted to a
further higher frequency range. This nmakes it possible to easily renove
the high frequency - 19 conponents fromthe output by passing the output
through a |ow order |owpass filter w thout causing a significant |oss of
a desired signal conponent. The signal processing apparatus 10 or 10A
descri bed above may be used not only to threshold a given signal with
respect to a single reference value-wiid hout creating a significant error,
but also to threshold a given signal with respect to two or nore reference
val ues. Specific exanples to which the signal processing apparatus

S s IR R e G R M

C
control umnatton co te ) ifon-control,

LC- ) Rl AR SUEL and s aLoRt o, IRASHLENRO] ShesUL L, (FBLErS). and

(3) droplet emssioncontro printers e signha

processb&gaa@%%&@%gsSgéﬁgﬁdEBgPBgeth present invention is essentially
ased on

di fferent fron1tha; b _ he error diffpsion_nephod, as described
bel ow. The eﬁhersﬂgB£PZ%98c$§éfﬁgléﬁp&§§9u$ai@|ar'IbArEEEbr£%@@655|ng In

whi ch two-di nensi ohal tais dealt - wth. In contrast, the signa

processipgveeagdpacaaedi Agtt Bntheto threshold a given signal with
respect to a single reference wvalue without creating a
significant error, but also to threshold a given signal with
respect to two or more reference values. Specific examples
to which the signal-processing apparatus according to the
present invention can be applied include (1) power control
(illumination controcl, temperature contrel, motion contrel,
etc.), (2) measurement and indication of measurement result
{meters), and (3) droplet emission control (ink-jet printers
or the 1like). |

The signal processing apparatus according to the
present invention is essentiélly different from that based
on the error diffusion method, as described below.

The error diffusion method is used mainly in image
processing in which two-dimensional data is dealt with. 1In
contrast, the signal processing method according to the
preéent invention is basically used to process a sequence of-
one—dimensional data.

In the exrror diffusion method, errors are weighted and
weighted errors are added to a plurality of adjacent data

(that is, errors are diffused two—dimensionally).



present invention is basically used to process a sequence of

one-di nensional data. In the error diffusion nethod, errors are wei ghted

and weighted errors are added to a plurality of adjacent data

(that is,

errors are diffused two-dinensionally). - 20 1In contrast, in the present
invention, an error is sinply added to a next input value. Furthernore, in

the present invention, an initial value may by arbitrarily set,

for

exanpl e, by preloading the initial value. Furthernore, unlike the error

di ffusion nethod, the present inventi®mn-does not need a high-capacity
menory, and operation can be perfornmed in a short tine. Al though the
present invention has been described above with reference to specific
enbodi nent s thePBresent |nv%Et|on is not limted to the details of those

" enbodi ment s, PbTPPVERSus THo FlBﬁ?FSH% éP3685§8PbI3n For “exafpl e, roundi ng
ff f h d
s i g atBE & o et Yo ey o P B e Y B art 1y

Convers I'nt égers. t hou nal pro

Bot h thg v %E&torl‘iwe 91 ang, t *?ﬁt ig¥ Wa %L FPr%ryt ﬁ?%z%%tr‘l%‘i‘lﬁ sBt

ssi fig

apparatQ§gse§ggllggtggd§m@g§gkgh@gt5% ggﬁggglpv%qggglnents descri bed above

with reference to Fi is assuned that those

Furthermore, unlike the error diffusion method, the

present invention does not need a high-capacity memory,

operation can be performed in a short time.

and

Although the present invention has been described above

with reference to specific embodiments, the present

invention is not limited to the details of those embodiments,

but various modifications are possible.

For example, rounding off can be performed at an

arbitrary digit. Which part is to be extracted as a high-

order part by means of rounding off may be set arbitrarily.

Both the high-corder part and the low-order part may be
decimals. Conversely, both may be integers.

Although in the signal processing apparatuses and -

methods according to specific embodiments described above

with reference to Fig. 1 or 5, it is assumed that those

apparatuses or methods are implemented by means of hardware,

apparatuses or methods according to the present invention

may also be implemented by means of software. That is,

the

apparatus or the method described above with reference to

Fig. 1 or 5 (note that the present invention is not limited

to those shown in Figs. 1 and 5} may be achieved by



apparatuses or nethods are inplenented by neans of hardware, apparatuses
or nmethods according to the present invention nmay also be inplenented by
means of software. That is, the apparatus or the nmethod descri bed above
with reference to Fig. 1 or 5 (note that the present invention is not
limted to those shown in Figs. 1 and 5) may be achieved by - 21
providing a programin an apparatus thereby inplenenting one or all of
functions of the signal processing apparatus according to the present
invention. The programfor achievingZbne or all of functions of the signal
processing apparatus according to the present invention nmay be stored on
a storage nedi um such as a CO-ROV] and the CD-ROM may be provided to
realize 0N, Q& | t { %le r i ratus
accordi ng toﬂglhrgi par g{_re% r%hi\?grﬁrfo%?ﬁg&sa%%scﬁ e yal%é‘@;(ei%ﬁl%?er{qﬁl egjglr?t
i nvent i Qi ke S f LruRASd & 4 GRS, It her LAl LUIR] 10 -30GW-acy in signal
processi ng and reduce the calculation tine, wthout” needing either an
| NCr easeddb Iy Yo RS gt n AR dVGIERNE. | TP Yrogradd forCLAIME: 1. A
signal processing apparatus for receiving digitall signals that are
conti nueusidevialptet and 41NpWr seauaiion lds tHRerFimEiINg ra Risedelyer m ned
operation on each of sequentially

apparatus according to the present invention may be stored

on a storage medium such as a CD-ROM, and the CD-ROM may be

provided to realize one or all of the functions of the

N

signal processing apparatus according to the present
invention.. |
As described above, the present invention makes it
possiblé to improve the calculation accuracy in signal
' processing and reduce the calculation time, without needing

either an increase in memcry capacity or an increase in cost.




~differe

input digital signals, and outputting a result of the operation, the signal
processi ng apparatus conprising: operation neans for performng the
predeterm ned operation on an input digital signal; high-order part
extraction neans for extracting a necessary high-order part by rounding
off a result of the operation performed by the operation neans; difference
cal cul ation neans for calculating the difference between the result of the
operation perforned by the operation neans and the.hi gh-order part
extracted by the high-order part extraction neans; and feedback neans for
adding, to a next input digital signal, the difference value cal cul ated by
the difference calculation nmeans or a val ue obtained by performng a

predeteﬁﬂéfﬁg.operation on the difference value calculated by the
Fculation means. 2. A signal processing apparatus according to
claim1l1, wherein when a second set of continuously-related digital

signals is sequentially input after conpletion of inputting 23 of a first

set of conti uoualg;rel ted digital signals, a_ difference val ue obtained
as a result of theSuPPRerBARESSTHRE AREFBAtPEr FOF nERCe B nth& i ¥%%Er ence

cal cul at i on ans, ., on the last digital signal of the first set of digital
signalsgﬁ ngﬂgaﬁﬁgtoﬁfﬁlﬁﬂfqﬁ?%%ﬁggfﬁQﬁfEQQE%W%d%ﬁ%ﬁmﬁﬁﬂfentléﬁlyf

performing a predetermined operation on each of sequentially
input digital signals, and outputting a result of the
?k) operation, the signal processing apparatus comprising:
operatién means for performing the predetermined
operation on an input digital signal;

: hiéh—order part extraction means for extracting a
neceéséry high-order part by rounding off a result of the
operation performed by the operation means;

'differenge calculation means for calculating the
difference between the result of the operation performed by
the operation means and the high-order part extracted by the

;“D high-order part extraction means; and

feédback means for adding, to a next input digital
signal, the difference value calculated by the difference
calculation means or a value obtained by performing a
predetermined operation on the difference value calculatéd

by the difference calculation means.

2. A signal processing apparatus according to claim 1,
wherein when a second set of continuously-related digital

signals is sequentially input after completion of inputting



operation on the difference value calculated by the difference neans is
reset to O or added with a particular value, and the resultant value is
added, via the feedback neans, to the first digital signal of the second
digital signals.. 3. A signal processing apparatus according to claim1l or
2, wherein the feedback neans adds, to the next input digital signal, a
val ue obtained by multiplying the difference value calculated by the

di fference cal cul ation neans by a factor smaller than 1. 4. A signal
processi ng apparatus according to cl EnLl, 2 or 3, wherein a digital
signal acquired by neans of oversanpling is input to the operation neans.
5. A programfor use in a signal processing apparatus for receiving
digital signals that are continuously related and input sequentially,
perforﬁ?ﬁggabe%Heﬁ%?n?ﬁe@o%ﬁiﬁ%ﬂmﬁﬂw“tﬂﬂaxmﬁl@ﬁgﬁb@hemigmalg,imput digital
signal s,, and - 24 outputting a result of the operation, the program

causi ngd:L ﬁ%r%‘?%aYaJp‘F%c@%ﬁwge%p%r@tmsmbtf@ﬁcth@rﬂ'aﬁfex)@ecrati on means

for perfqini $q1he]$redeternined operation on an input digital signal;
hi gh- ord® C‘bi; LSt SO tedis thy Ekiferener) ooleiskaisten ymedng. or der

art b oundi.ng off. a. result of the operation perforned by the operation
geanS'Xx{ HK lé%t élgltal signal of thé)first sé% of digitgi P

. signals or a value obtained by performing the predetermined
operation on the differenéé value caléulated by the
ih) difference means is reset to 0 or added with a particular
value, and the resultant value is added, via the feedback
means, to the first digital signal of the second digital

signals.

- 3. A signal processing apparatus according to claim 1 or 2,
wherein the feedback means adds, to the next input digital
signal, a value obtained by multiplying the difference value
calculated by the difference calculation means by a factor

{“) smaller than 1.

4. A signal processing apparatus according to claim 1, 2 or 3,
wherein a digital signal acquired by means of oversampling

is input to the operation means.

5. A program for use in a signal processing apparatus
for receiving digital signals that are continuously related
and input sequentially, performing a predetermined operation

on each of sequentially input digital signals, and



difference cal culation means for calculating the difference between the

. result of the operation perforned by the operation neans and the

hi gh-order part extracted by the high-order part extraction neans; and

f eedback nmeans for adding, to a next input digital signal, the difference
val ue cal cul ated by the difference calculation neans or a val ue obtai ned
by performng a predeterm ned operation on the difference value cal cul ated
9 by the difference cal culation nmeans. 6. A programfor use in a signal
process apparatus according to clai J;h_mherein t he program causes the
signal processing apparatus to also fTunction as neans for controlling the
value fed back to the input digital signal such that when a second set of
continuously-related digital signals is sequentially input after

conpl et cyippttinguet ragulsf of thesepsertdbnsonhenpoogicpar ekasédadi git al
signals, a difference value obtained as a result of the difference 25 -

cal cul atthénsperpér rEECeBy infle apphfraitescdocfupgtarboasneans, on the | ast
digital signal of the first set of digital signals or a value obtained by
perform ng tPREPr et dreimediobpeehfPoing the Bredeternsdnedl ue cal cul at ed
by the difference neans is reset to O or added with a particular val ue,
and t he®PEEAILL Rt °PafBelPBUL(HEE I tolaSiRBaéedback

high—order-part extraction means for extracting a
necessary high-order part by rounding off & result of the
i@) operation performed by the operation means;

" difference calculation means for calculating the
difference between the result of the operatioﬁ performed by
the operation means and the high-order part extracted by the
high-order part extraction means; and

feedback means for adding, to a next input digital
signal, the difference value calculated by the difference
calculation means or a value obtained by performing a

predetermined operation on the difference value calculated

‘“) . by the difference calculation means.

6. A program for use in a signal process apparatus
according to claim 5, wherein the program causes the signal
processing apparatus to also function as means for
controlling the value fed back to the input digital signal
such that when a second set of continucusly-related digital
signals is sequentially input after completion of inputting
of a first set of continuously-related digital signals, a

difference value obtained as a result of the difference



means, to the first digital signal of the second digital signals. 7. A
program for use in a signal process apparatus according to claim5 or 6,
wherein the program causes the signal processing apparatus to al so
function as neans for causing the feedback nmeans to add, to the next input
digital signal, a value obtained by nmultiplying the difference val ue ‘
calculated by the difference calculation neans by a factor snmaller than 1.
8. A programfor use in a signal process apparatus according to claim5, 6
or 7, wherein the program causes the i gnal processing apparatus to al so
function as nmeans for inputting a di'gital.signal acquired by neans of
oversanpling to the operation neans. 9. A storage nmedi umreadabl e by a
signal processing apparatus and storing a programfor use in the signal 26
pr ocessFAd Cagpaianupetrsprmedei by nghei difdkrehgrakalthabtace meansi nuously
rel ated and_input sequentially, performng a predeterm ned operation on
each of ©Bedli€ntraltl §iphgal sdbgelabfsihrafsrsandetubputitghgaa result of the
operation, Hhe program causi ng the signal processing apparatus to
functi ofi*d82§p8rati BAlHBaRBtRERCBebYoPRIigrmhngpitbdepeedihedmiopdr ati on on
an i nput digital signal; ..

operation on~the difference value calculated by the

difference means is reset to 0 or added with a particular

value, and the resultant value is added, via the feedback

;/ Hk':
‘\“./ K

means, to the first digital signal of the second digital

signals.

7. A program for use in a signal process apparatus
according to claim 5 or 6, wherein the program causes-the
signal processing appafatus to also function as means for
causing the feedback means to add, to the next input digital
signal, a value obtained by multiplying the difference value
calculated by the difference calculation means by a factor

O smaller than 1.

8. A program for use in a signal process apparatus
according to claim 5, 6 or 7, wherein the program causes the
signal processing apparatus to also functién as means for
inputting a digital signal aqquired by means of oversampling

to the operation means.

9. A storage medium readable by a.signal processing

apparatus and storing a program for use in the signal



hi gh-order part extraction means for extracting a necessary high-order
._part by rounding off a result of the operation perforned by the operation
nmeans; difference cal culation nmeans for calculating the difference between
the result of the operation performed by the operation neans and the

hi gh-order part extracted by the high-order part extraction nmeans; and

f eedback neans for adding, to a next input digital signal, the difference
val ue cal cul ated by the difference calculation neans or a val ue obtai ned
by performing a predeterm ned operatjon on the difference value cal cul ated
by the difference cal cul ati on neans. 10. A storage nedium storing a program
for use in a signal processing apparatus according to claim9, wherein

the program causes the signal processing apparatus to also function as
means f ®FOEEAEALOD ppgarhéusalfos fredebadkot dighea27sipnpds thgitt akesi gnal
such that when a second set of continuously-related digital signals is
sequent CEPIEYRIRKSLY &Rt aitedoppPetnrahtofentputirddyof Parprninged of
continuously-related digital signals, a difference value obtained as a
resul t BFegﬁéeapﬂpégeﬁEérééPéﬁl8P|éﬁcﬁepﬁoﬁﬁﬂﬂentﬁﬁ1@He1§PﬂFerence

cal cul at,i,on the last digital signal of the first set of digita
si gnal s94Pi42 aFﬁ@naEBtaFﬁQd°H§pHgFF89nﬁn§e§HétpPédé@@rﬁPﬁéatéﬁérat|on on

t he . .
the program causing the signal processing apparatus to

function as:

'.'\_-’_‘,

operation means for performing the predetermined
operation on an input digital signal;.
| high-order part extraction means for extracting a
necessary high-order part by rounding off a result of the
operation performed by the operation means;

difference calculation means for calculating‘the
difference between the result of the operation performed by
the Operation_means and the high-order part extracted by the
high-order part extraction means; and
{ ) feedback means for adding, to a next input digital
signal, the difference value calculated by the difference
calculation means or a value obtained by performing a
ﬁreaetermined operation on the différence value calculated

by the difference calculation means.

10. A storage medium storing a program for use in a
signal processing apparatus according to claim 9, wherein
the program causes the signal processing apparatus to also

function as means for controlling the value fed back to the



di fference value calculated by the difference nmeans is reset to O or added
with a particular value, and the resultant value is added, via the
feedback nmeans, to the first digital signal of the second digital signals.

11. A storage nediumstoring a programfor use in a signal processing

apparatus according to claim9 or 10, wherein the program causes the
signal processing apparatus to also function as neans for causing the
feedback neans to add, to the next input digital signal, a val ue obtained
by multiplying the difference val ue gglculated by the difference '
cal cul ation nmeans by a factor smal et han 1. 12. A storage nedi um storing
a programfor use in a signal processing apparatus according to claim9,
10 or 11, wherein the program causes the signal processing apparatus to
al so fuhspPbgndigitednsiforli spoht ithgtawliegi hakegbgaake@cadi red by 28 neans
of oversanpling to the operation neans. 13. A nethod for causing a signal
pr ocessfFAgtapparatsrelotbd dapabké efignetei ¥kngedightakldiyghabstt hat are
continuously related and i nput sequentially, performng a predeterm ned
oper at i BAt8H earRletiseqaénthabtyingpot adfgisal ssigndél s, and outputting a
result of the operation, the nethod conprising: an operation step of

per f or nfFAQTELRBOPF éderetatadddigpbpat Foanahsanai apbfedegreatadipgnal ;

obtained as a result of the difference calculation performed,
by the difference calculation means, on the last digital

- sigﬁal of the first set of digital signals or a value
thained by performing the predetermined operation on the
difference vélue calculated by the difference means is reset
to 0 or added with a particular value, and the fesultant
value is added, via the feedback means, to the first-digital

signal of the second digital signals.

11. A storage medium storing a program for use in a

signal processing apparatus according to claim 9 or 10, wherein

?j) the program causes the signal processing apparatus to also

function as means for causing the feedback means to add, to
the next input digital signal, a value obtained by
multiplying the difference value calculated by the

difference calculation means by a factor smaller than 1.

12. A storage medium storing a program for use in a
signal processing apparatus according to claim 9, 10 or 11,
wherein the program causes the signal processing apparatus to

also function as means for inputting a digital signal acquired by



a high-order part extraction step of extracting a necessary high-order
..part by rounding off a result obtained in the operation step; a difference
‘calculation step of calculating the difference between the result obtained

in the operation step and the high-order part extracted in the high-order

part extraction step; and a feedback step of-adding, to a next input
digital signal, the difference value calculated in the difference

cal culation step or a value obtained by performng a predeterm ned

operation on the difference val ue q@Jfgygted in the difference cal culation

st ep.

means of oversampling to the operation means.

13. A method for causing a signal processing apparatus
to be capable of receiving digital signals that are
continuously related and input sequentially, performing a
predetermined operation on each of sequentially input

~W;_ digital signals, and outputting a result of the operation,
the method comprising: |

an operation step of performing the‘predetermined
operation on an input digital signal;

a high-order part extraction steb of extracting a
necessary high-order part by rounding off a result obtained
in the operation step;

a difference calculation step of calculating the
difference between the result obtained in the operation step

;;) and the high-order part extracted in the high~order part
extraction step; and

a feedback step of adding, to a next input digital
signal, the.difference ﬁalue calculated in the difference
calculation step or a value obtained by performing a
predetermined operation on the difference value calculated

in the difference calculation step.



