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BACKGRQUND OF 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
information 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
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2%'s data according to which to control Pn. In general, Onis less than 1.
.Pnand On are input to a multiplier 1, and Xn (= Pn x Q1) 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 resylt, 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
Pn. The threshol di ng described above can be performed b uncondi ti onal
roundi A doWd 3CSPTGHEGNEt MEASR fouREnEROL gP (B}nrﬁﬁﬁéFﬁé @P t?oundi ng

up or down d?Penqlng on a iven value For e ﬁlven as an
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To avoid a problem with the diffexence in bit length
between the output data Xn and the input data Pn, 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
the bit length. As a result, output data ¥n having a
properly adjusted bit length is obtained. Note that the bit
length cof the output data ¥Yn does not necessariiy need to be
the same as that of the input data Pn.

The thresholding described above can be performed by
(1) unconditional rounding down, (2) unconditional round up,
or (3) rounding off (rounding up or down depending on a
given value) .

For example, when X is given as an input value, 1if
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 roundi ng off, the integral value - 3 obtained by roundi ng
.off Yis 1 for the input value smaller than 25, but the integral value
“junps to 2 when the input value X becones 25. As can be seen fromFig. 7,

the integral value obtained by rounding off or rounding down the

cal cul ated value Y changes in a stepwi se fashion (in a discontinuous

fashion). In the above-descri bed conventional technol ogy, the final output

val ue includes a nore or |ess error whichever technique of (1) rounding
down, (2) rounding up, or (3) roundinng off is used. In the 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 out put

val ue includes an error _of 0.5 on averqge._gyen.in thg%case éﬁlééﬂJnding
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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, if
errors are averaged over a long period, the averaged error
becomes 0. In contrast, when rounding-down is 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 ﬁlose to each discontinuous
transition point. In 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 Y
includes a large error and remains unchanged for a long
periecd.

Furthermore, when there is a rage difference in bit

length between the input data and the output data, the



Furthernore, when there is a rage difference in bit |length between the
_input data and the output data, the - 4 cunulative value of the output
"data can have a great cunulative error with respect to the cunulative
value of the input data. When a large cunul ative error causes a problem
signal processing is perforned using a |arge 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 errpr_causes a problemor 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 error falls within an al | owabl e range. That is,
the errenmgaatbeeredlgedofothesontpetredety cgnahavea@g@r%@tincreasing t he
bit Iength used in the signal processin i ncreasi ng the nmenory
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such that the error arising via the signal processing is
minimized and such that the cumulative error does not cause
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. 1In general, the bit length used in
the signal processing ié determined such that the error
falls within an allowable range.

That is, the error can be reduced to a sufficiently
small range by increasing the bit length used in the signal
processing or by increasing the memory capacilty.

However, in some cases, it is not allowed to increase
the bit length to reduce the error (tﬂat is,vin 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. 1In 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 audio data or contrast adjustment of digital image



achi eve a high energy efficiency although continuous 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 dynanmic
range is reduced as a result of level adjustnent or contrast adjustnent,
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
smaller. This neans that the relative error with respect to the signal

i ncreases as the signal |evel decreases. In thermal ink-jet printers, a
fixed amount of ink droplet is emtted at a tinme and the amount of ink
droplet emtted at a time cannot be changed. That is mhen an ink imge

is formed on a recording nedi um en135|on of ink at fdﬁ perforned
by nearf@iet, tivo-The SIYREBHG 12n9E Wi CHRIurEed s aarﬁ?t? K &r oplet is
emtted or noink is emtted. To chleve alfto rese usi ng

t wo- Ie\/%?JU§W%%%%|‘69F%a%%&F eLIH'_e’ cfg‘hsf:t | n g‘ ?l%ﬁ’élm%e%r uni t

req e Shete To Lhls et Sl rar difhusi on %rltsdlgh@ee g, g% wi del y

one representation, conplicated

oL 13 DSy, YD . RV s |7
becomes smallerx. Thls 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 required.

SUMMARY OF THE INVENTION
An object of the present invention is to provide a
technique to'perform signal processing without creating

significant degradation in smoothness or frequency
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SUMVARY OF THE | NVENTI ON An obj ect of the present invention is to provide a
techni que to perform signal processing w thout creating significant
degradation in snoot hness or frequency - 6 characteristics, even if the bit
|l ength is reduced when an input digital signal is processed. In an aspect,
to achieve the above object, the present invention provides a signal
processi ng apparatus for receiving digital signals that are continuously
related and input sequentially, performng a predeterm ned operation on
each of sequentially input digital signals, and outputting a result of the
operation, the signal processing apparatus conprising operation neans for
performng the predeterm ned operation on an input digital signal,

hi gh-order part extraction neans for extracting a neqﬁéﬁar hi gh- or der
part byhavapbengsbiesa ¢eeul +LoFhenibpet @ N HerFHt Wﬁ%q operation

- means, difference calculation nmeans for calculating the difference between

the resiMPubfdigetabpeteRabnipePFOFrRee®Py t he operation neans and the high-
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receiving digital signals that are continuously related and
input sequentially, performing a predetermined operation on
each §f 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 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.

In this signal processing apparatus according to the
present invention, an error arising via rounding-off
processing is calculated by the difference calculation means,

and the error or a value obtained by performing the



by ‘the difference calculation nmeans. In this signal processing apparatus
~according to the present invention, an error arising via rounding-off
“processing is calculated by the difference cal cul ati on nmeans, 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 neans.
Because each error is fed back in such a manner that an error arising via
an operation perforned on an input digital signal is added to a next input
digital signal, an-error arising-yja7qp operation perforned on the next
input digital signal is added to a further next input digital signal, and
so on, accunul ation of errors is prevented. BRI EF DESCRI PTI ON OF THE
DRAWNGS Fig. 1 is a block diagramillustrating a signal processing
appar at psedetermdimgdt opardtict emboicke nentonfid heeddgat eiserd nawtention; Fig. 2
is adiagramillustrating, in the formof a graph, an operation result;
Fi g. 3 ispatgdaphtahosiomal esid t shof fopdratk omsang operati on A and operation
B) that are simlar to the operation shown in Fig. 2 and that are
perfornmed dhenfushenm@l eh ishaed ack iif $Uushade mginmedr dh@d BEt ween

t hem
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 performed on the next input digital
signal is added to a further next input digital signal, and

so on, accumulation of errors is prevented.

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;

Fig. 3 is a graph showing results of operations
(operation 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;

Fig. 4 is 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



Fi'g. 4-is a diagram show ng exanples 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 mrent of the present invention; Fig. 6 is a

di agram show ng a data processing nethod according to a conventi onal
technique; and Fig. 7 is a graph showing the relationship between i nput
and output values for a case in which the fractional portions of input

val ues are discarded and for a case ign_ which input values are rounded off
to nearest integers. DESCRIPTION OF THE PREFERRED EMBODI MENTS The present
invention is described in further detail belowwth reference to specific
enbodi ments in conjunction wth the acconpanying draw ngs. First

Enbodi nemverdtgonl is a bl ock diagram showi ng a signal processing apparatus
according to a first enbodi nent of the present invention, tgough in the
present enbdtiigrerft 1 e diegam SHOEESs iPn G edFpaFLCES St8%A6WA° n Fig. 1 is
assuned to be realized by hardware (for, exanple, in the formof a signa
processtPECEREREI £9 , 2 t HRVEFHREP T oTIE I ap At us 10 may  al so be

realized by software. Al registers sych as.a,.registe own in Fig. 1
operate in s%ﬂrﬂ:hﬁoﬂiszzft igorﬁ':l;% tsﬁ'low1ng Y5 relatlo%%ha% 'be:uwe%lﬂ

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 signal 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



the same clock signal. In the present enbodi nent, by way of exanple, each
_input data X is subjected to an operation (perfornmed by cal cul ati on neans
“according to the present invention) according to the follow ng equation: Y
= 0.02X + 1. A high-order part of a value obtained as a result of the
above operation is extracted by rounding off the value to an integer (by

hi gh-order part extraction neans according to the present invention), and
a residual fraction is dealt wth 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 i nput

dlgltal signal and the input error g added b &Q@ ﬁ gé)adder 12. The
addltl@ﬁlﬁgéaﬁﬂomsm@@Pﬁu@CF8r§1HEgﬁ°oF ErPBFFen egl Ster and a | ow order

bit register 14. As shown._i.n % t K.bits of the input N-bit digital
S|gnaIaXﬁ0F§l§Qt§8ttP@ Fﬁ&lﬁﬁdﬁ OFHE? 6PP* register 13, then the nunber of
bits output_to the rder bit register 14 is (N - K) bits. Thereafter,
it is deter¥ifed- Qﬁ§tﬁe "the value output fromthe |ow order bit register

14 is equalAtgigﬁugrgggeﬁart of a value obtained as a result of

the above operation 1s 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 ¥n 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 is

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



than 0.5. If the value output fromthe loworder bit register 14 is equal

y to or greater than 0.5, the value is rounded up to the high-order bit
“value by adding 1 to the - 10 high-order bit adder 15. As a result, 1 is
added to the value output fromthe high-order bit register 13. Wen 1 is
input to the high-order bit adder 15, the error resulting fromthe
rounding up is input to the low order bit adder 16 (by difference

cal cul ati on neans according to the present invention). For exanple, if the
val ue output fromthe | oworder bit yggister 14 is 0.7, then it is

determ ned that the value output fromthe |loworder 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 fromthe roundl%%e%p Q. 3, and -0.3
i s i nputidlo-ondrr IivE RHIST bik- adderd 78S T GEnd g up i & perfor nmed, if

t he val ue output from the | ow order ster 445 P, then (1 - P) X
R e
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adder 16. On the other hand, S r . ne gtlghetﬁglue out put
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order bit adder 16 (by difference calculation means
according to the present invention). For example, if the
value output from the low-oxrder 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 addexr 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

(1 - p) 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 smaller 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



14%is directly input to the |loworder bit adder 16 (by the difference
~calculation neans according to the present invention). Thus, rounding off
'to the extracted integer part is - 11 perfornmed via the above-described
process. A K-bit value output fromthe high order bit adder 15 is sent to
-an output register 17 and output as data Yn 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 predetelnifeg nunber of bits (a predeterm ned
nunber of decimal places). The resultant value is input to the input adder
12 thereby feeding back the error (by feedback neans according to the
present invention). The process described above is described in further
detai | etbrméereia, the alowssimed ided pagpuesasal ues are given in  the
formof a sequence of continuous real nunmbers {X1, X2, X3,....}. Each of
the real numbéDixl vale outeorsifgrm dheahighnpager pait 2AdgAd1la fraction
part B. That is, each real nunber can be expressed as. Xn = An + Bn
is sent to an output register 17 and output as data ¥n
therefrom.
On the other hand, the output value from the low-order
bit adder 16 is input to the fraction processing register 18,
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 the present invention).
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, X2,
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 is given as
X1 = Al + Bl
then Y1 is given by

Y1 = [X1]



Let Yn be an output val ue obtained by rounding off Xn

exanple, when X1 is given as X1 = Al + Bl then Yl is given by Y1

*12 fAl (whenB1<0.5)

roundi ng up does not occur),

to an integer.

For
[X1] -

W1 (when 0. 5<Bl<1l) where [ Xn] denotes the operation
of rounding off Xn to a particular digit (in the present enbodi nent,
fractional part is rounded off to an integer). If Y1 = Al (that is,

then Y2 = [X2 (= A2 + B2) + Bl1l A2 (when

a
i f

B2+B1<0.5) |A2+1 (when 0.5:5 B2+ Bl < 1) On the other hand, when Y1 Al + 1

(that is, when rounding up occurs) ;2 [X2 (= A2 + B2) + (Bl 1) 1 f.A2
(when B2+ Bl-1< 0.5) W1 (when 0.5 12 Bo+ BI-1< 1) All Yn are determ ned
one by one in the above-descri bed nanner In the present enbodi nent, an

error

created as a result of rounding off is handl ed (added) when a next
value is [ Al (when B1<0.5)

“1A1+1 (when0.5<Bl<1)

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 {= A2 + BZ) + Bl]
[A2 (when B2 + B1<0.5)

~1A2+1 (when0.5<B2+Bl< 1)

On the other hand, when Y1 = Al + 1 (that is, when
rounding up occursj,

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

[ A2 (when B2 4+ B1-1<0.5)
1\A2+1 (when 0.5<B2+Bl-1< 1)

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

In the present embodiment, an error created as a result
§f 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

Yl = A1 + 1

Herein, although Y1 is greatexr than the actual input

value X1, the error is subtracted when next value Y2 is

determined. Therefore, this error is completely cancelled



?52;-bFogle§azF|6, if rounding up occurs in the calculation of YI, Yl is
.9 y = + | Herein, although Y1 is greater than the actual input
¥ﬁ| uef X, the error is subtracted when next value Y2 is determ ned. |
Where ore, this error is conpletely cancelled - 13 out in Yl + Y2. Thus
en Yl, Y2,..., In are determined one by one, th ’
. . y , e sum of thereof (Yl + Y2
+... +Yn) is given by SUM(Yn) _ (A + 1*) + (A2 + 1*) + (A3 + 1*) +
;Z(f-\n)(g EII-*) + (Bl - 1*) + (B2 - 1*) + (B3 - 1*) + ... + (Bn - 1*) = Xl':l-'
*
f ... + Xn where 1* takes 1 pply when a carry appears as a result
of rounding off. In the above equation, (Al + 1*) to (An + 1*) are
integer parts, and (Bl - 1*) to (Bn - 1*) are fraction parts. In the above
equati on, |_f 1* takes 1 (that is, if a carry appears) , for exanple, in
termAlgut hem 91* tak®s 1 also in termBl. Therefore, when Y1, Y2 ’ Yn
are added together, errors arising fromrounding off arg al "cancel | ed
out (that |s‘I?,hl@r,rGﬂ@farYérnéftzraccun%Inala§§) .de¥ﬁ5§1,l Fﬁeogﬁm of bﬁ'(out put
val ues) becones equal to_ the sum of Xn (input, values) 1,,TRit en data t
be procb@ge@umsoﬁdﬁmgﬁ@%gngl + Y2 +... +F J% 1/ HEY by (fﬂh n. data to
(A1 + 17 + (A2 + 17 + (A3 + 1) + .. + (An + 1) + (B1 - 17)
+ (B2 - 1) + (B3 — 1) + .. + (Bn = 17)
= X1 + X2 + X3 + ... + Xn
where 1" takes 1 only when a carry appears as 4 result of
rounding off.
In the above equation, (Al + 1"y to (An + 1") are
integer parts, and (Bl - 1"} to (Bn - 1"y 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
also in term Bl. Therefore, when Yl, ¥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 values).
Thus, when data to be processed is continuous,
theoretically, no error occurs if the processing is
performed using a large enough number of bits.

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

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

the purpose of comparison, the result cbtained when the



theoretically, no error occurs if the processing is perforned using a
.Iarge enough number of bits. Fig. 2 shows, in the formof a graph, the
result obtained when Y = 0.02X + 1 is calculated in the above-descri bed
manner. In Fig. 5 for the purpose of conparison, the result obtained when
the - 14 calculation is performed according to the conventional
roundi ng-of f scheme is also shown. As shown in Fig. 2, in the sinple
roundi ng off scheme, the output does not change unless the factional part
of an input value reaches a threshohg value. In contrast, in the schene
according to the present embodi ment, 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 di Ehkcehstibet ieepet hernehRCTAF AN tHe RAPRAVARRE, that is, the
absol ute val ue of the error. The output value, which changes back and’
forth beowedhngwof§asakenechhn HESO sHYthed by means of averaging using a

filter or the like. Athough the error arising as res 0 undi ng of f
in each cal ci# a¥h i cth Hed t vt cett H‘@“eersr]ﬁ?p%t%gigu&gaclﬁlrgs 0|L£I Stcheegn%dnven?i onal

roundin ff h i i :
rounding, Of f Soheng. (LNe IOV 00, 8VELA0E: LRKCR. OVRnd Ridalds Youf THPULS X

input value reaches a threshold value. In contrast, in the
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 freguency of the change is proportional to the
difference between the input value and the output value,
that 1s, 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
average 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 freqguently changes back and forth between

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



t hé out put changes when t he i nput changes a in a small range.

In Fig. 2,

~ the noving average taken over successive five points is shown. This curve
‘indicates that the noving average changes within a small range. In the
schenme according to the present enbodi nent, as described above, in a range
in which an error beconmes great, the output value frequently changes back
and forth between two values, and thus an averaged val ue becones equal to
the -- 15 nedian of the two values. Furthernore, because the majority of
error conponents lie in a high fregu§gcy range, it is possible to easily
remove the high-frequency conponents~~(errors) fromthe output sinply by
passing the output through a sinple (loworder) |owpass filter. Another
exanpl e of the process of feeding back an error fromthe fraction

pr ocessmagiargdst he 18wd ovéa hees npur uadtermo e, ilseclosoy itied Mselwwty n t he
case in which continuous digital signals are sequentially input, errors
can be wél brhandtedpbyefitedl hg ibazkhidie Bre@®rendy 1ange npidt ddder 12 in

t he above-descri bed nanner. However, when inputs are given in the form of
Xn = AnpessBhlei toi apailyngenevet bipd il ghr FeseyeRey | IR Bh does not

occur,. and a current fraction part Bn to be added to a next
remai ns (@FrAsal BePRgthadedtRRE | $1PREY ek tPisping the output

through a simple (low-order) lowpass filter.

i nput val ue

Another example of the process of feeding back 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

of 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 Yn and thus no error should appear in ¥Yn, if an error

greater than 0.5 remains, the output value becomes different

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



value Xn is actually given. However, in this case, the fraction part Bn has
no correlation with the next input value, and thus preserving of the
*fraction part Bn is not only neaningless but can be harnful depending on

t he next input value Xn. For exanple, when a next input value Xn is very
close to Yn and thus no error should appear in Yn, if an error (greater
than 0.5 renmains, the output val ue becones different fromthe expected
value (that is, Xn + 1 or Xn - 1 is - 16 output). One technique to avoid
t he above problemis to reset the error (to be added to a next input val ue)
stored in the fraction processing register 18 to zero, when the next input
val ue 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 sequgnag .of digital signals (a second set of digital signals) Xn is
input, the operation is started froman initialized state. Contrary to the
above, a vabPue $echedqia theatpadttba abevecBEPRLET ebf sterra%etmy be used
to create a particular effect on the next operation. For exanple, when two
oper at itdies eS| (hel ten @6GsIdy teepf eMtd 1oRYEr VehBetoftPEPdot® thE sane

clock signal, results can be output such that they .
fraction processing register 18 to zero, when the next input

value Xn becomes zero after the operation of a sequence of
digital signals (a first set of digital signals)} is
completed.

In this technigue, when a next seguence of digital
signals (a second set of digital signals) Xn is input, the
operatioﬁ is started from an ilnitialized 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 two
operations 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
(operation 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 solid line represents an operation A,
and a broken line represents an operation B (A + 0.5).

Fig. 4 shows examples of images-formed by controlling



have a particular relationship (for exanple, results are output not at the
sane tinme but at periodically shifted tines or positions). Fig. 3is a
graph showi ng results of operations (operation A and operation B) that are
simlar to the operation shown in Fig. 2 and that are perforned

si mul t aneously such that there is a phase difference between them In Fig.
3, asolidline represents an operation A, and a broken line represents an
operation B (A + 4.5). Fig. 4 shows exanples of inages forned by
controlling - 17 the density of dots_per unit area using the process
described above. In Fig. 4, values varying in units of steps from1 to 100
are input, and the input values are binarized by thresholding themwth
respect to 100. Each tine the sum of fed-back errors becones greater than
100, a tdet gepsfeymed. dbdsFbgr dnid 4ie® @xirsyithd gkesréss a direction
denoted by an arrow (fromup to down). That is, dots are fornmed fromup to
down i ndEkgriBed58bsequentasFif. dotsabues obtayiveg n amidepehdent
processing, and results are shown in Fig. 4 such that sequences of dots
are shi tteds sequehceoby08eguentepih, aahdrilzontzpudivebi¢dmre n 50
sequences of dots shown on the left-hand side of Fig. 4, random val ues
from 1 bena@dzedebyi tbneabobOingi than with vesspeokated ¢h a st zontal |ine

at the top).
time the sum of fed-back errors becomes greater than 100, a

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

In 50 sequences of dots shown on the left-hand side of
Fig. 4, random values from 1 to 100 are given as 50 initiel
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 is 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



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

mul tiples 16,

that is, 16, 32,-48, 64, 80, and 96) is given as initial values. As can be

seen fromFig. 4, when a plurality of

operations are perforned in parall el

as in image processing, it is possible to change the initial phases by

controlling the initial values thereby achieving desirable effects.
Enbodi ment Fig. 5 is a block diagram showi ng a signa

apparatus (signal processing apparatyg 10A) according to a second
n

enbodi nent of the present invention.
first enbodi ment

Second

processing - 18

~the second enbodi nent, unlike the
descri bed above with reference to Fig. 1 in which each

fractional value (error) is directly added to a next input value Xn, the
fracti omspavatue (siqokedyeess Yy tdgpddwertdl 10 hatcdaxditree tor &ct i onal
val ue output fromthe |loworder bit adder 16 is input to the nultiplier 21

and nmul $épdnedertyodimennst Bntha ffererexanplenti®pi/5) small er than 1.

i S not

i nput, dmsceibed Fkove detilonyeberrire o-e HELT nputiv AECXPatds becone

I f Xn

input for a long period, the fractional value is reduced at each
oper ati on i rMrertred seamchd b adignenfr acmilddal thal de rédc emodsdmeshard zer o.
Therefore, when Xn is input after a long period during which no Xn is

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 value output from the low-order bit
adder 16 is input to the multiplier 21 and multiplied by a
constant d {for example, 0.75) smaller than 1.

If Xn is not input for a long period, the fractional
value is reduced at each operation interval, and thus the
fractional value decreases toward zero. 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 erxrrors that occur
during the operation are fed back such that each error is
added to a next 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 Nyquist frequency, the error
components are shifted to a further higher frequency range.

This makes it possible to easily remove the high frequency



very small, and thus the operation is perfornmed in a state substantially
identical to the initial state, although the very snmall error added to the
i nput value Xn. In the present enbodi ment, because errors that occur

during the operation are fed back such that each error is added to a next

i nput value Xn, error conponents occurring during the operation lie in a
hi gh frequency range. |If the output including the error conponents is
oversanpled at a frequency higher than tw ce the Nyqui st frequency, the
error conponents are shifted to a further higher frequency range. This
makes it possible to easily renove the high frequency - 19 conponents from
t he output by passing the output through a |ow order |owpass filter

wi t hout causing a significant | oss of a desired signal conmponent. The

si gnal Jqunasessifng rREparailSutuar bi0sadediani hbe oabpue mhyobehused not only
to threshold a given signal with respect to a single reference val ue

Wi t houtl sr-eatdatrg lawpsisgniffildant werthout batsaingoat ¢ighiédhang &°§Fven signal
with respect to two or nore reference values. Specific exanples to which
t he si gnala prexciessi g apparanpsngadording to the present invention can be
applied include (1) power control (illumnation control, tenperature
control, noffihenséanedobrocessing gppanekyar theft ARl FREFERPFDON of

measurenent result (nmeters), and (3) _dropl et em ssion control.%hnk-jet
printew@bove may be used not only to threshold a given signal wi

respect to a single reference value 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 control, temperature control, motion control,
etc.), (2) measurement and indication of measurement result
(meters), and (3) droplet emission control {ink—-jet printers
or the like).

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

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

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

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



or*the like). The signal processing apparatus according to the present
invention is essentially different fromthat based on the error diffusion
nmet hod, as described below. The error diffusion nethod is used mainly in

i mge processing in which two-dinensional data is dealt with. In

contrast, the signal processing nethod according to the present invention
is basically used to process a sequence of- one-di nensional data. In the
error diffusion nethod, errors are weighted and weighted errors are added
to a plurality of adjacent data (thé is, errors are diffused

two-di nensionally). --20 In contrasty 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 exanple, by preloading the
initial val um dartdeertoriey W ipkestene éenventdiohf,usinosrmerhdd, the present
i nvention does not need a high-capacity nmenory, and operation can be

per f or netnphy aadhed t toi arenext t gt tdHerr edeHtthermang o thdd ®een

descri bed above wth reference to specific enbodi nents, the present

i nvent i bresenhoinyemtien, tan t hel gt hivaslut Mabdy emPoditfemtls, S%ut vari ous

nodi fications are possi ble. For exanple, rounding off can be perforned at
an for example, by preloading the initial value.

Furthermore, unlike the error diffusion method, the
present invention does not need a high-capacity memory, and
operation can be performed in a short time.

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-order paft 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



arbitrary digit. Wiich part is to be extracted as a high- order part by
means of rounding off may be set arbitrarily. Both the high-order part and
the | ow order part nay be decinmals. Conversely, both may be integers.

Al t hough in the signal processing apparatuses and nmethods according to
speci fic enbodi nents descri-bed above wth reference to Fig. 1 or 5, it is
assuned that those apparatuses or nethods are inplenented by neans of

har dwar e, apparatuses or nethods according to the present invention nmay
al so be inplenented by neans of software. That is, the apparatus or the
met hod descri bed above with reference"to Fig. 1 or 5 (note that the
present inventionis not limted to those shown in Figs. 1 and 5) nay be
achieved by -- 2 1 providing a programin an apparatus thereby

i mpl emgpitdngd ONe a osraytamfif wnctdpesradfus Hdesignalinpleyesdiing apgar at us
according to the present invention. The program for achieving one or al

of funcer ombl off thenstigred @f cdes sidapalaprareaass e GRPGENIIGEUSo t he present
invention nmay be stored on a storage nmediumsuch as a CD-ROM and the

CD- ROM aegobéingrovi teel present i AwaHd G- alTho X3 Mufet ons of the

si gnal processing apparatus according to the present _inventiqn. As

descri beehhpoirg ehe PF exkbhtof e TP edestha SigBadi RT@ SIS S ove the

cal cul ati on accuracy in, signal . .
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
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 memory capacity or an increase in cost.



processing and reduce the calculation tinme, wthout needing either an
increase in nmenory capacity or an increase in cost. - 22 CLAIMS 1. A
signal processing apparatus for receiving digital signals that are
continuously related and i nput sequentially, perform ng a predeterm ned
operation on each of sequentially input digital signals, and outputting a
result of the 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 hi gh-order part by roundi@& off a result of the operation
performed by the operation neans; difference cal culation nmeans for
calculating the difference between the result of the operation perforned
by therap®sati on neans and the high-order part extracted by the

hi gh-order part extraction nmeans; and feedback neans for adding, to a next
input digital signal, the difference value cal cul ated by the difference
cal cul ati on neans or a val ue obtained by performng a predeterm ned
operation obh.tha difhelepceceakilngcappatates fdy tdweeidifrferdmidadal cul ati on
means. 2. A signal processing apparatus according to claim1l, wherein when
a secomsdgetl softheontd meousiiyimehetlod milgitteal 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;

hiéh-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
predetermined operation on the difference value calculated

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



signals is sequentially input after conpletion of inputting - 23 of a
first set of continuously-related digital signals, a difference val ue
obtained as a result of the difference «calculation perforned, by the

di fference cal culation neans, on the last digital signal of the first set
of digital signals or a value obtained by perform ng the predeterm ned
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 procédsing apparatus according to claim1 or
2, Wwherein the feedback neans adds, to the next input digital signal, a
val ue obtained by multiplying.the di fference val ue cal cul at ed by the

di fferepce £olsul a&t 0pr NBSNS AYols TRCEOTatsdBli@itdhadidna¥ls, A Signal
processing apparatus according to claim1, 2 or 3, wherein a digital

si gnal gacasiéede bVaI'@@”@b@i11@é@"§s'ir@|i‘élﬂllt Sof Nt dDrtdeeper ati on neans.
5. A programfor use in a signal processing apparatus for receiving

di gi t atabé@nat Soh haér 86 Eme@Nth US| Ji fedadete @Dculptiosanptend j al |y,
perform ng a predeterm ned operation on each of sequentially input digital
signalen dne ta®d digital signal of the first set of digital
- signals or a value obtained by performing the predetermined
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

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



outputting a result of the operation, the program causing the signal
processi ng apparatus to function as: 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 high-order part
extracted by the high-order part extraction neans; and feedback neans for
adding, to a next input digital sigials the difference value cal cul ated by
the difference calculation neans or a val ue obtained by performng a
predet ermi ned operation on the difference value calculated by the

di ff er efeg, @ GiY 8l 1L URARE e APURAIYNA f AhdlpRdgtat TadRahgor OCceSS
apparatus = according to claim5, wherein the program causes the signal

processimng 1Pt de A% dgPactdtan as manrs ifoer ascontrol ling the val ue
fed back to the input digital signal such that when a second set of

cont i nuous| poeelaatied deghkalkorspgh@bemingsefuepiedkblygrinnpatd aft er
conpletion of inputting of a first set of continuously-related digital
si gnal soperattdlidd eyrenae ivglute dikfitialedsiamed ;result of the difference - 25
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

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 continuously-related digital
signals 1s sequentially input after completion of inputting
of a first set of continuocusly-related digital signals, a

difference value obtained as a result of the difference



cal cul ation perforned, by the difference cal cul ati on neans, on the |ast
digital signal of the first set of digital signals or a value obtained by
perform ng the predeterm ned operation on the difference value cal cul ated
by the difference neans is reset to O or added with a particular val ue,
and the resultant value is added, via the feedback neans, to the first
digital signal of the second digital signals. 7. A programfor use in a
signal process apparatus according to claim5 or 6, wherein the program
causes the signal processing apparatus to also function as nmeans for
causi ng the feedback neans to add,~ t4b 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 snaller than 1. S. A program for

use in & 1hanAli Y QBT rakRAT Bl heA0G ¢ EdBACEO cGhaLTL P10l REads, WhErEi N
t he program causes the signal "processing apparatus to also function as

means fd tH AW RA A tdh0istighadl gFakhacqyirsed shy Beansg9kag@versanpling to
t he operation nmeans. 9. A storage nedi umreadabl e by a Signal processing

appar atdigraned $i0rd RGlacPeghamMciobyluge rifB rii@gsitdeabredderpiaeassi ng
apparatus for receiving digital signals that are continuously related and
i nput sewqerttiical lon, tHher darfler@nde 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

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 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.

8. A pfogram 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 acquired 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



pr-edet er mi ned operation on each of sequentially input digital signals, and
outputting a result of the operation, the program causing the signal
‘processi ng apparatus to function as: 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 perforned by the operation neans; difference
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"ékyiabtion means; and feedback neans for
adding, to a next input digital signal, the difference value cal cul ated by
the difference calculation neans or a val ue obtained by perform ng a

pr edet gy e iORE 2193 the dicldarnangediglitelcaigubatedhakyathe
di fference cal cul ati on neans. 10. A storage nedium storing a program for

use i n coniSinditals 1§ GeaSHerg ad@pdnaiuts saguendinglyo pkaifnrdingherein the
program causes the signal processing apparatus to also function as neans
f or comtrepidtienmnitrhel plaratfied bacleatoh tolfe segRentimpdy digiutal signal such
t hat when a second set of continuously-related digital signals is
sequentdigiibal mpynals, 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 performing a

predetermined operation on the difference 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



after conpletion of inputting of a first set of continuously-related
digital signals, a difference value obtained as a result of the difference
cal cul ation perfornmed, by the difference cal culation neans, on the |ast
digital signal of the first set of digital signals or a value obtained by
perform ng the predeterm ned operation on the difference value cal cul ated
by the difference neans is reset to O or added with a particul ar val ue,
and the resultant value is added, via the feedback nmeans, to the first
digital signal of the second digital signals. 11. A storage nedi um storing
a programfor use in a signal proceski-ng apparatus according to claim9 or
10, wherein the program causes the signal processing apparatus to al so
function as neans for causing the feedback neans to add, to the next input

dlgltalrgﬁgg qfkéﬁﬂ%ﬁ et ARed e ks |glgbggnhhgeQ|B&erence val ue

cal cul at f'erence cal cul ation neans by a factor snmaller than 1.

12. A %&f@%d@ﬂweﬂa@émﬂ gl&raqgrs%ln%qrs Y3€ sef@nt3aang ippeeessi ng
apparatus according to claim 11, wherei’n the program causes the

si gnal 4¥QGe St ARRA fUS it t8IngP JrunRCtHigR tag s for inputting a
digital signal acquired by - 28 neans of oversanpling to the operation

neans. cbhtihuRid1060-fla AU iRG t 1S isgRfla 181,06 SSIATe rappar stlsne to be

capabl e of receiving digital signals that are
obtained as a result of the difference calculation performed,
by the difference calculation means, on the last digital
sighal of the first set of digital signals or a value
cbtained by performing the predetermined 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 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
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



continuously related and i nput sequentially, performng a predeterm ned
_operation on each of sequentially input digital signals, and outputting a
“result of the operation, the nmethod conprising: an operation step of
perform ng the predeterm ned operation on an input digital signal; a

hi gh-order part extraction step of extracting a necessary high-order part
by rounding off a result obtained in the operation step; a difference
calcul.ation 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 cul ation step or a value obtained by performng a predeterm ned

oper at irpgared dheovliddanencey vl uah&L Agadatied rdudde difference cal cul ation
st ep.

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



