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FAST CALCULATION APPARATUS FOR
CARRYING OUT A FORWARD AND AN
INVERSE TRANSFORM

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

BACKGROUND OF THE INVENTION

This mvention relates to a fast calculation apparatus
included 1n each of a forward transform calculation appara-
tus and an inverse transform calculation apparatus.

A modified discrete cosine transform (hereinafter abbrevi-
ated to MDCT) apparatus 1s known as a linear transform
apparatus for a digital signal such as an audio signal and a
picture signal. In a conventional transform calculation
apparatus, 1t 1s possible by the use of the MDCT technique to
carry out a forward and an inverse transform calculation
which are well known 1n the art.

The MDCT apparatus 1s described in detail 1n an article
contributed by N. Schiller to the SPIE Vol. 1001 Visual
Communications and Image Processing "88, pages 834839,
under the title of “Overlapping Block Transtorm for Image
Coding Preserving Equal Number of Samples and Coefli-
cients”. The article will be described below.

In the MDCT technique, a forward transform equation
and an inverse transform equation are given:

N-1
y(m, k) = Z x(n)h(n)cos [2rx(k + 1/2)(n + nO)/N|
n=>0

(1)

and

N-1
xf(m, n) = 2f (n)/NZ y(m, k)cos [2n(k + 1/2)(n + n0)/n],
k=0

(2)

wherein X represents an mput signal, N represents a block
length (N 1s multiple of 4), m represents a block number, h
represents a forward transform window function, 1 repre-
sents an inverse transform window function, each ot n and k
represents an integer variable between 0 and N-1, both
inclusive. Herein, nO 1s given as follows:

n0=N/4+15. (3)

It 1s necessary 1n each of the forward and the 1nverse trans-
form calculations to carry out a large number of multiplica-
tion times and addition times. This 1s because k 1s the integer
between 0 and (N-1), both inclusive. Accordingly, an
increase 1n the block length N results 1n an increased number
of times of each of the multiplication and the addition.

SUMMARY OF THE INVENTION

It 1s therefore an object of this invention to provide a
forward transform calculation apparatus by which 1t 1s pos-
sible to reduce the number of times of multiplication and
addition.

It 1s another object of this mvention to provide an 1nverse
transform calculation apparatus by which it 1s possible to

reduce the number of times of the multiplication and the
addition.

It 1s still another object of this invention to provide a cal-
culation apparatus 1n which the number of times of the mul-
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2

tiplication and the addition increases 1n proportion to only
Nlog,N, where N represents an integer.

It 1s yet another object of this invention to provide a calcu-
lation apparatus in which the number of times of the multi-
plication and the addition increases 1n proportion to (N/2)
log,(N/2), where N represents an integer.

Other object of this invention will become clear as the
description proceeds.

According to an aspect of this invention, there 1s provided
an apparatus for carrying out a forward transform calcula-
tion on an apparatus mput signal. The apparatus includes
multiplying means for multiplying a predetermined forward
transform window function and the apparatus 1input signal to
produce a multiplied signal and transform carrying out
means for carrying out a linear forward transform on the
product signal to produce a forward signal representative of
a result of the linear forward transform. The transform carry-
ing out means comprises first processing means connected to
the multiplying means for processing the product signal into
a processed signal, internal transform carrying out means
connected to the first processing means for carrying out a
forward fast Founier transform on the processed signal to
produce an internal signal representative of a result of the
forward fast Fourier transform, and second processing
means connected to the internal transform carrying out
means for processing the internal signal into the forward
transformed signal.

According to another aspect of this invention, there is
provided an apparatus for carrying out an inverse transform
calculation on an apparatus input signal. The apparatus
includes transform carrying out means for carrying out a
linear 1inverse transform on the apparatus imnput signal to pro-
duce an 1nverse signal representative of a result of the linear
iverse transform and multiplying means for multiplying a
predetermined inverse transform window function and the
iverse signal to produce a product signal. The transform
carrying out means comprises lirst processing means for
processing the apparatus input signal into a processed signal,
internal transform carrying out means connected to the first
processing means for carrying out an inverse fast Fourier
transform on the processed signal to produce an internal
signal representative of a result of the inverse fast Fourier
transform, and second processing means connected to the
internal transform carrying out means for processing the
internal signal into the inverse transtormed signal.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 1s a block diagram of a conventional calculation
apparatus for successively carrying out a forward and an
inverse transform:

FIG. 2 1s a block diagram of a calculation apparatus
according to a first embodiment of this invention;

FIG. 3 1s a flow chart for use 1n describing operation of a
first forward processing part included in the calculation
apparatus of FIG. 2;

FIG. 4 1s a block diagram of a calculation apparatus
according to a second embodiment of this invention;

FIG. 5 1s a flow chart for use 1n describing operation of a
first forward processing part included in the calculation
apparatus of FIG. 4;

FIG. 6 1s a flow chart for use 1n describing operation of a
first inverse processing part included in the calculation appa-

ratus of FIG. 4; and

FIG. 7 1s a flow chart for use 1n describing operation of a
second 1nverse processing part included in the calculation
apparatus of FIG. 4.
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DESCRIPTION OF THE PR
EMBODIMENTS

L1
M

ERRED

Referring to FIG. 1, a conventional calculation apparatus
will be described at first for a better understanding of the
present invention. The conventional calculation apparatus 1s
for successively carrying out a forward and an 1nverse trans-
form and comprises forward and inverse transform units 11

and 12.

The forward transform umt 11 comprises an input builer
part 13, a forward transform window part 14, and a forward
calculation part 15. The input buifer part 13 1s for memoriz-
ing N samples of original signals x(n), as an original data
block. This means that the original data block has an original
block length N. Responsive to the original signals x(n), the
forward transform window part 14 carries out multiplication
between each of the original signals x(n) and the forward
transform window function h(n) to produce a product signal
xh(n) as follows:

xh(n)=x(n)h(n). (4)

Responsive to the product signal xh(n), the forward calcula-
tion part 15 calculates the left-hand side of Equation (1) as
follows:

N-1
y(m, k) = Z xh(n)cos [27(k + 1/2)(n + n0VN].
n=0

(3)

The calculation part produces the left-hand side as a forward
transformed signal y(m, k). It 1s necessary to carry out mul-
tiplication N” times and addition N(N-1) times. This is
because k 1s variable between 0 and (N-1), both inclusive.
Depending on the circumstances, each sample of the original
signals x(n) 1s herein called an apparatus 1input signal.

The mverse transform unit 12 comprises an mverse calcu-
lation part 16, an mnverse transiform window part 17, and an
output buliler part 18. The mverse calculation part 16 calcu-
lates the left-hand side of Equation (2) as follows:

N-1
xt(m, 1) = QINZ y(m, k)cos [27(k + 1/2)(n + n0/n].
k=0

(6)

The calculation part 16 produces the left-hand side as an
inverse transformed signal xt(m, n). The mnverse transiorm
window part 17 multiphies the mverse transformed signal
xt(m, n) and an mverse transform window function {(n) into
a product 1n accordance with:

xi(m, n)=xt(m, n)f(n).

(7)

The mverse transform window part 17 thereby produces a
product signal xt(m, n) representative of the product.

The product signal i1s supplied to the output buifer part 18
whenever the multiplication 1s carried out by the inverse
transform window part 17. As a result, the output buifer part
18 memorizes a plurality of the product signals as a current
and a previous data block at a time. The current data block
corresponds to the original data block. The previous data
block 1s previous to the current data block. Each of the cur-
rent and the previous data blocks 1s divided into a former and
a latter half block. The former half block comprises zeroth
through (N/2-1)-th product signals. The latter half block
comprises N/2-th through (N-1)-th product signals.
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4

As will be understood from the following equation, the
output buifer part 18 carries out addition between the prod-
uct signal xf(m, n) of the former half block of the current
data block and the product signal xi{(m-1, n) of the latter half
block of the previous data block to produce a modified or
reproduced signal x'(n) of a modified half block having a
modified block length which 1s a half of the original block

length. The following equation 1s:

X'(n)=xi(m-1, n+N/2)+x{(m, n), (8)

when 0=n<N/2-1.

Simultaneously, the output butier part 18 memorizes, as the
latter half block, the second product signal xi(m, n) of the
current data block. Each of the forward and the inverse trans-
form window functions h(n) and 1(n) can be given by Equa-
tion (9) on page 836 1n the above-mentioned article.

The description will now proceed to an example of an
algorithm which 1s applicable to a forward transform calcu-
lation apparatus according to this invention. Substituting
Equation (3), Equation (5) 1s rewritten into:

N-1 (9)
y(m, k)= )

N-1
— Z xh(n)cos [27(k + 1/2)(n + N/4 + 1/2)/N]
n=0

xh(n)cos [2n(k + 1/2)(n + n0O)/N]

IN/4-1
— Z xh(n — N/d)cos[2n(k + 1/2)(n + 1/2V/N]
n=N/4

In Equation (9), the cosine has a nature such that:

cos [2n(k + 1/2)(n + 1/2)/N] = (10)

cos [2nk + 1/2){(n—N)+ 1/2 + N)/N] =
cos 2rnk + 1/2)((n— N) + 1/2)/N + 2a(k + 1/2)N/N] =

—cos [2n(k + 1/2)((n — N) + 1/2)/N]

When n 1s shifted by (-N), the cosine has an argument
shifted by 2m(k+14), namely, an odd integral multiple of .
In this event, the cosine has an absolute value unchanged and
a sign verted between positive and negative. Therefore, 1t
1s possible to delete the term N/4 1n the argument of xh 1n the
right-hand side of Equation (9) by shifting n by (-N) with
the sign of the product signal xh(n) inverted.

Herein, the product signal 1s processed into particular and
specific datum x2(n) which are represented as follows:

x2(n)=-xh(n+3/N4), (11a)

when 0=n<N/4
and
x2(n)=xh(n-N/4),

(11b)

when N/4=n<N.
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Therefore:

T

(12)

y(m, k) = x2(n)cos|2n(k + 1/2)(n + 1/2)/N]

I
-

n

ZI

x2(n)exp(—2myk + 1/2)(n + 1/2)/N)
0

= real

=
I

Z

X2(n) X

= real

T
-

exp(=27i(k + 1/2)/2N — 2xi(k + 1/2)n/N),

exp(—n21(k + 1/2)/2N) %

= real

s

x2(n)exp(—2mri(k + 1/2)n/N)

I
-

exp(—27i(k + 1/2)/2N) x

= real

N-1
Z x2(n)exp(—27in/2N — 27 ikn/N)
n=0

exp(—27i(k + 1/2)/2N) x

= real

N-1
Z x2(n)exp(—27in/2Nexp(— 27 kn/N) |,
n=0_

where j represents an 1maginary unit.
It will be assumed that:

x3(n)=x2(n)exp(-2mn/2N). (13)

In this event:
N-1

exp(—2mij(k + 1/2)/2N) % Z X3(n)exp(—2mkn/N)|.
n=>0

(14)
y(m, k) = real

Herein, Equation (14) 1s divided into a front part and a
rear part which represents execution of a fast Fourier trans-
torm (hereinafter abbreviated to FFT) at a point N of a spe-
cific signal x3(n). The FFT 1s represented by Equation (15)
which 1s given below.

Accordingly, Equation (16) 1s given from Equation (14).

-1 (15)

xf(m, k) = X3(n)exp(—2m1kn/N)

=

and

y(m, k) = real[exp(=27jk + 1/2)/2N)xf(m, k)]. (16)

It 1s therefore possible to obtain the result of Equation (5).

The multiplications are required N times before execution
of the FF'T, at most Nlog,N times for executing the FFT, and
N times after execution of the FFT. As a result, the multipli-
cation 1s carried out the number of times which 1s substan-
tially equal to Nlog,N if N 1s great. The number of times of
the addition 1s equal to 2Nlog,N. Accordingly, it 1s possible
to reduce the number of times of the multiplication and the
addition as compared with the conventional calculation
apparatus.
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6

The description will proceed to an example of an algo-

rithm which 1s applicable to an inverse transform calculation

apparatus according to this imvention. Substituting Equation
(3), Equation (6) 1s rewritten 1nto:

N-1
xt(m, n) = Q/NZ y(m, k)cos[2a(n + n0)(k + 1/2)/N]
k=0

(17)

N—-1
= 2/N) " y(m, K)cos[2(n + N/4 + 1/2)k + 1/2)/N]
k=0

N i
Z y(m, k) Xexp(2rj(n+ N4 + 1/2)(k + 1/2)/N)m
| k=0

2/Nreal

(N—-1

Z y(m, k) X exp(27j(n+ N/4 + 1/2)/2N +
k=0

= 2/Nreal

27i(n + N/4 + 1/2)k/N)

= 2/Nreal|exp(Zmj(n + N/4 + 1/2)/2N) X

N-1
Z yim, kKlexp(2mj(n + N/4 + 1/2)k/N)
k=0

= 2/Nreal|exp(Zmj(n + N/4 + 1/2)/2N) X

N-1
> yim, Kexp(2rj(N/4 + 1/2)K/N + 2xjnk/N)
k=0

= 2/Nreal|exp(Zzj(n + N/4 + 1/2)/2N) X

N-1
Z y(m, Klexp(2r j(N/4 + 1/2)k/N)exp(2rink/N)|.
k=0

The following equations are mtroduced:

y2(m, k)=y(m, k)exp| 27 (N/4+1/2)k/N] (18)

and

Nf2—1
y3(m, k) = > y2(m, Kexp(2mjnk/N).
k=0

(19)

Equation (19) represents the imnverse FFT for the signal
y2(m, k). Substituting Equations (18) and (19) in Equation
(17):

xt(m, n)=2/Nreal]exp(2mj(n+N/4+1/2)/2N)y3(m, n) . (20)

It 1s therefore possible to obtain the result of Equation (6).

The multiplication 1s carried out the number of times
which 1s substantially equal to Nlog,N. The number of times
of the addition 1s equal to 2Nlog,N. Accordingly, 1t 1s pos-
sible to reduce the number of times of the multiplication and
the addition as compared with the conventional apparatus.

The description will now proceed to another example of
the algorithm that 1s applicable to the forward transform
calculation apparatus according to this invention. With p
substituted for n, Equation (9) 1s rewritten into:
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SN/4—1 (21)
y(m, k) = Z xXh(p — N/4)cos [2rn(k + 1/2)(p + 1/2)/N].
p=N/4

It 1s possible to delete the term N/4 1n the argument of xh 1n
the rnight-hand side of Equation (21) by shifting p by (-N)
with the sign of the product signal xh(p) inverted.

Herein, the product signal 1s processed into the particular
and the specific data x2(p) which are represented as follows:

x2(p)=—xh(p+3N/4), (22a)
when 0=p<N/4
and
x2(p)=xh(p+N/4), (22b)

when N/4=p<N.

Therefore:

Therefore;

Z

(23)

y(m, k) = x2(p)cos [2rn(k + 1/2)(p + 1/2)/N]

I
-

P

In Equation (23), the cosine has a nature such that:

cos [2n(k + 1/2)(p + 1/2)/N] = cos [-2n(k + 1/2)(p + 1/2)/N] = (24)

cos [2n(k+ 1/2)((N —p—1/2) = N)/N]| =
cos [2a(k+ L/2)((N—-1—p)+ 1/2)/N = 2xk + 1/2)(N/N] =

—cos 2r(k + L/2)(N=p = 1) + [/2)/N]

When (N-1-p) 1s substituted for p, the cosine has an
absolute value unchanged and a sign mverted between posi-
tive and negative. When p separated into an even and an odd
number, Equation (23) 1s rewritten into:

N/2—-1

y(m, k) = Z x2(2p)cos [2rnk + 1/2)(2p + 1/2)/N] +
p=0

(25)

N/2—1
Z 2N — 1 — 2p)cos [2x(k + 1/2) X (N = 1 = 2p + 1/2)/N]
p=0

N/2-1
= > [x22p)—x2(p— 1 -2p)] X
p=0

cos [27(k + 1/2)(2p + 1/2)/N]

It 1s assumed that:

x3(p)=x2(2p)-x2(N-1-2p), (26)

when O=p=N/2-1.
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In this event:
N/2-1 (27)
y(m, k) = Z x3(n)cos [2aik + 1/2)2n + 1/2)/n]
n=0
| N/2-1
= real Z x3(n)exp(—2m1k + 1/2)(Zn + 1/2)/N)
n=>0
N/2—1
= real Z X3(n) X
n=>0
exp(—=2mj(k + 1/2)/2N - 2xj(k + 1/2)2n/2)
= real|exp(—2mj(k + 1/2)/2N) X
N/2-1
Z x3(n)exp(—27i(k + Dn/N)
n=0
= real|exp(—2mj(k + 1/2)/2N) %
N/2-1
Z x3(n)exp(—27in/N — 27k2n/N)
n=0
= real|exp(—2mj(k + 1/2)/2N) X
N/2-1
Z 3(n)exp(—27in/Nexp( — 27 ikn/(N/2))
n=>0
It 1s assumed that:
x4(p)=%x3(p)exp(-2mp/N). (28)
In this event:
y(m, k) = (29)
N/2-1
real|exp(—2myk + 1/2)/2N) X Z x4 (plexp(—2m1kp/(N/2))
p=0

Herein, Equation (14) 1s divided into a front part and a
rear part which represents execution of the FFT at N/2 of
x4(p). The FFT 1s represented by Equation (30) which 1s
given below. Accordingly, Equation (31) 1s given from Equa-
tion (29).

N/i2-1

xf(m, k) = Z xd(plexp[— 27 ikp/(N/2)]
p=0

(30)

y(m, k)=real| exp(-2mj(k+1/2)/2N)x{(m, k)| (31)

It 1s therefore possible to obtain the result of Equation (5).
The multiplication 1s carried out the number of times

which 1s substantially equal to (N/2) log, (N/2) 1f N 1s great.

The total number of the addition and the subtraction 1s equal

to N/2 for x3(p) and to Nlog,(IN/2) for FFT. The number of
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the addition 1s substantially equal to Nlog,(IN/2) if N 1s great.
Accordingly, 1t 1s possible to reduce the number of times of
the multiplication and the addition as compared with the
conventional calculation apparatus.

Since the FFT 1s carried out at N/2 points, y(m, n) 1s
obtained in a case where k 1s variable between 0 and N/2-1,
both inclusive. In Equation (24), p and k are symmetrical
with one another. Using the symmetric nature of the cosine
with respect to k, Equation (23) 1s rewritten 1nto:

N-1
y(m, k) = ) x2n)cos [27(k + 1/2)(n + 1/2)/N]
n=0_

(32)

N-1
- Z —x2(n)cos [27((N = 1 = k) + 1/2)(n + 1/2)/N]
n=_{

= —y(im, N-1-k).

Therefore, y(m, k) 1s obtained in another case where k 1s
variable between N/2 and N-1, both inclusive.

The description will proceed to another example of the
algorithm that 1s applicable to the inverse transform calcula-
tion apparatus according to this invention. Substituting
Equation (3) with p substituted for n, Equation (6) 1s rewrit-
ten 1nto:

NI (33)
xt(m, n) = 2/N " y(m, k)cos[27(p + p0)(k + 1/2)/N]
k-0

N-1
= 2/N Z y(m, K)cos[2x(p + N/4 + 1/2)(k + 1/2)/N].
k=0

For convenience of the equation, it will be assumed that:

xt2(m, p)=xt{m, p—-N/4). (34)

In this event:

N-1

xt2(m, p) = 2/N ) y(m, k)cos[2a(p + 1/2)(k + 1/2)/N]
k=0

(35)

=2/

N/2-1 N/2-1
N Z y(m, 2k)cos(2x(p + 1/2)(2k + 1/2)/N) + Z y(m, N —
k=0 k=0

1 - 2k) % cos(2n(p + /)N — 1 — 2k + 1/2)/N)

'N/2—1

> (ym, 2Kk) - y(m, N = 1 - 2k)) x
k=0

= 2/N

cos(2a(p + 1/2)(2Zk + 1/2)/N)|.

Substituting Equation (31):
N/2-1 (36)

Z 2y(m, 2k)cos(2r(p + 1/2)(2k + L/2)/N)|.
k=0

Xt2(m, p) = 2/N
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Herein, y2(m, k) 1s represented as follows:

y2(m, k)=y(m, 2k), (37a)
when 0=k<N/4
yz(m: k)=—y(m, k): (37]3)

when N/4=k<N/2.

Using Equation (32), Equation (37b) 1s represented as fol-
lows:
y2(m, k)=—(m, N-1-2k), (37¢)

when N/4=k<N/2.

Equation (335) 1s rewritten 1nto:

Xt2(m, p) = (38)

N/2-1
Z y/2(m, k) Xexp(2ri(p + 1/2)2k + 1/2)/N)
k=0

4/Nreal

= 4/Nreal

N/2-1
Z y2(m, k) Xexp(2mry(p + 1/2)/2N + 2r1(p + 1/2)2k/N)
k=0

= 4/Nreal|lexp(Zr)(p + 1/2)/2N) X

N/2-1
D y2(m, Kexp(2rj(2p + DK/N)
k=0

= 4/Nreal|lexp(Z2rj(p + 1/2)/2N) X

N/2-1
> y2(m. Kexp(2rjk/N + (27 jpk/(N/2))]
k=0

It 1s assumed that:

y3(m, k)=y2(m, kK)exp(2mjk/N) (39)

N/2—1 (40)

yAm, p) = > y3(m, Kexp|2rjpk/(N/2)]
k=0

Equation (40) represents an inverse FFT for y3(m, k).
Substituting Equations (39) and (40) into Equation (38):

xt2(m, n)=4/N real|exp(2mj(n+1/2)/2N)y4(m, n)|. (41)

In order to convert xt2(m, n) to xt(m, n), 1t 1s assumed
from Equations (20), (24), and (32) that:

xt(m, 3N/4-1-n)=xt(m, 3N/4+n) (42a)
=—xt2(m, n)

when 0=n<N/4

It 1s therefore possible to obtain the result of Equation (6).
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The multiplication 1s carried out the number of times
which 1s substantially equal to (N/2) log, (N/2). The addition
1s carried out the number of times which 1s substantially
equal to Nlog, (N/2). Accordingly, 1t 1s possible to reduce
the number of times of the multiplication and the addition as
compared with the conventional calculation apparatus.

Referring to FIG. 2, the description will be directed to a
calculation apparatus according to a first embodiment of this
invention. The calculation apparatus comprises similar parts
designated by like reference numerals. The forward trans-
tform window part 14 produces, as the product signal, a suc-
cession of zeroth through (3N/4-1)th and (3N/4)th through
(N-1)th product data. The forward transtorm window part
14 will be referred to as a multiplying arrangement.

The forward transform unit 11a further comprises first
forward processing, second forward processing, and forward
FFT parts 21, 22, and 23. The first forward processing part
21 1s connected to the forward transform window part 14 and
1s Tor processing the product signal into a processed signal.

Referring to FIG. 3 together with FIG. 2, the description
will be made as regards operation of the first forward pro-
cessing part 21. At a first stage SA1, the first forward pro-
cessing part 21 1s supplied with the product signal from the
forward transform window part 14. The first stage SA1 pro-
ceeds to a second stage SA2 at which the first forward pro-
cessing part 21 processes the (3N/4)th through the (N-1)th
product data into a succession of zeroth through (N/4-1)th
particular data having a negative polarity or sign in common.
In other words, the zeroth through the (N/4-1)th product
data are processed 1n accordance with Equation (11a). The
first forward processing part 21 for carrying out the second
stage SA2 will be referred to as a particular processing
arrangement.

The second stage SA2 proceeds to a third stage SA3 at
which the first forward processing part 21 processes the
zeroth through the (3N/4-1 )th product data into a succession
of (N/4)th through (3N/4-1)th specific data having a positive
polarity or sign in common. In other words, the (N/4)th
through the (N-1)th product data are processed in accor-
dance with Equation (11b). The first forward processing part
21 for carrying out the third stage SA3 will be referred to as
a specific processing arrangement.

The third stage SA3 proceeds to a fourth stage SA4 at
which the first forward processing part 21 multiplies exp| -
2min/(2n)] and each of the (3N/4)through the N-th particular
and the zeroth through the (3N/4-1)th specific data in accor-
dance with Equation (13) to produce the processed signal.
The first forward processing part 21 for carrying out the
tourth stage SA4 will be referred to as a calculating arrange-
ment.

Returming to FIG. 2, the forward FF'T part 23 1s connected
to the first forward processing part 21 and 1s for carrying out
a linear forward FFT on the processed signal in accordance
with Equation (15) to produce an internal signal representa-
tive of a result of the forward FFT. The forward FFT part 23
1s herein referred to as an internal transform carrying out
arrangement.

The second forward processing part 22 1s connected to the
torward FF'T part 23 and 1s for processing the internal signal
into the forward transformed signal in accordance with
Equation (16). More particularly, the second forward pro-
cessing part 22 multiplies the internal signal and [ -2mj(k+%)
2N] into a local product, namely, a real part, to make the
torward transformed signal represent the local product. In
this event, the second forward processing part 22 will be
referred to as an internal multiplying arrangement. A combi-
nation of the first forward processing, the second forward
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processing, and the forward FFT parts 21, 22, and 23 will be
referred to as a transform carrying out arrangement.
Continuing reference to FIG. 2, the description will pro-
ceed to the inverse transform unit 12a. The inverse transform
umit 12 comprises {irst mverse processing, second inverse
processing, and inverse FFT parts 31, 32, and 33. The first
iverse processing part 31 1s connected to the second for-
ward processing part 22 and 1s for processing the forward

transformed signal into a processed signal.
The first inverse processing part 31 1s supplied with the

forward transformed signal as an apparatus input signal. The
forward transformed signal 1s a succession of zeroth through

(N-1)th apparatus input data.
The first inverse processing part 31 carries out multiplica-

tion between the zeroth through the (N-1)th apparatus input
data and exp[ 2mj(N/4+12)k/N] in accordance with Equation
(18) 1nto a first product to make the processed signal repre-
sent the first product. In this event, the first inverse process-

ing part 31 will be referred to as a first multiplying arrange-
ment.

The mverse FFT part 33 1s connected to the first inverse
processing part 31 and 1s for carrying out a linear inverse
FFT on the processed signal in accordance with Equation
(19) to produce an internal signal representative of a result of
the inverse FFT. The internal signal 1s a succession of zeroth
through (N-1)th internal data. In this event, the inverse FFT
part 33 1s herein referred to as an iternal transform carrying,
out arrangement.

The second 1nverse processing part 32 1s connected to the
inverse FF'T part 33 and 1s for carrying out multiplication
between the zeroth through the (N-1)th internal data and
2exp| -2mj(n+N/4+%2)/(2N)] 1n accordance with Equation
(20) into a second product, namely, a real part, to make the
inverse transformed signal represent the second product. In
this event, the second inverse processing part 32 will be
referred to as a second multiplying arrangement.

The second inverse processing part 32 1s further con-
nected to the inverse transtorm window part 17. The 1nverse
transformed signal 1s sent from the second inverse process-
ing part 32 to the mverse transtorm window part 17.

Retferring to FIG. 4, the description will be directed to a
calculation apparatus according to a second embodiment of
this 1nvention. The calculation apparatus comprises similar
parts designated by like reference numerals. The forward
transform window part 14 produces, as the product signal, a
succession of zeroth through (3N/4-1)th and (3N/4)th
through (N-1)th product data. The forward transform win-
dow part 14 will be referred to as a multiplying arrangement.

The first forward processing part 21 comprises subtracting
and multiplying parts 41 and 42. The subtracting part 41 1s
connected to the forward transform window part 14 and 1s
for producing a local signal 1n response to the product signal.
The multiplying part 42 1s connected to the subtracting part
41 and 1s for producing the processed signal 1n response to
the local signal.

Referring to FIG. 5 together with FIG. 4, the description
will be made as regards operation of the first forward pro-
cessing part 21. At a first stage SB1, the subtracting part 41
1s supplied with the product signal from the forward trans-
form window part 14. The first stage SB1 proceeds to a
second stage SB2 at which the subtracting part 41 processes
the zeroth through the (N/4-1)th product data 1into a succes-
sion of (3N/4) through Nth particular data having a negative
polarity in common. In other words, the zeroth through the
(N/4-1)th product data are processed in accordance with
Equation (22a). The subtracting part 41 for carrying out the
second stage SB2 will be referred to as a particular process-
Ing arrangement.
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The second stage SB2 proceeds to a third stage SB3 at
which the subtracting part 41 processes the zeroth through
the (3N/4-1)th product data into a succession ol zeroth
through (N/4)th specific data having a positive polarity in
common. In other words, the (N/4)th through the (N-1)th
product data are processed in accordance with Equation

(22b). The subtracting part 41 for carrying out the third stage
SB3 will be referred to as a specific processing arrangement.
The third stage SB3 proceeds to a fourth stage SB4 at
which the subtracting part 41 combines the particular and
the specific data successions mto a succession of zeroth
through (N-1-2p)th and 2pth through (N-1)th combined
data. When the fourth stage SB3 1s carried out, the subtract-
ing part 41 will be referred to as a combining arrangement.

The fourth stage SB4 proceeds to a fifth stage SBS at
which the subtracting part 41 subtracts the (N-1-2p)th com-
bined datum from the 2pth combined datum in accordance
with Equation (26) to produce a difference and the local
signal that 1s representative of the difference. The subtract-
ing part 41 for carrying out the fifth stage SB5 will be
referred to as a subtracting arrangement.

The fifth stage SB5 proceeds to a sixth stage SB6 at which
the multiplying part 42 carries out multiplication between
exp(—2mp/N) and the local signal in accordance with Equa-
tion (28) to produce an internal product to make the pro-
cessed signal represent the internal product. The multiplying
part 42 will be referred to as an internal multiplying arrange-
ment.

Returning to FIG. 4, the forward FFT part 23 1s connected
to the multiplying part 42 and 1s for carrying out the linear
torward FFT on the processed signal in accordance with
Equation (30) to produce an internal signal representative of
a result of the forward FF1. The forward FFT part 23 1s
herein referred to as an internal transform carrying out
arrangement.

The second forward processing part 22 1s connected to the
torward FF'T part 23 and 1s for processing the internal signal
into the forward transformed signal in accordance with
Equation (31). More particularly, the second forward pro-
cessing part 22 carries out multiplication between the inter-
nal signal and [-2mj(k+%2)/(2N)] into a local product,
namely, a real part, to make the forward transtormed signal
represent the local product. In this event, the second forward
processing part 22 will be referred to as an mternal multiply-
ing arrangement. A combination of the first forward
processing, the second forward processing, and the forward
FFT parts 21, 22, and 23 will be referred to as a transform
carrying out arrangement.

Referring to FI1G. 6 together with FIG. 4, operation of the
first inverse processing part 31 will be described at first. At a
first stage SC1, the first inverse processing part 31 1s sup-
plied with the forward transtformed signal from the second
torward processing part 22. The first stage SC1 proceeds to a
second stage SC2 at which the first inverse processing part
31 processes the 2kth apparatus input datum into a kth par-
ticular datum. In other words, the forward transformed sig-
nal 1s processed 1n accordance with Equation (37a). In this
event, the first mnverse processing part 16 will be referred to
as a particular processing arrangement.

The second stage SC2 proceeds to a third stage SC3 at
which the first inverse processing part 31 processes the (2k+
1)th apparatus mput datum 1nto a (N-1-k)th specific datum.
In other words, the forward transformed signal 1s processed
in accordance with Equation (37¢). In this event, the first
inverse processing part 16 will be referred to as a specific
processing arrangement.

The third stage SC3 proceeds to a fourth stage SC4 at
which the first inverse processing part 31 carries out multi-
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plication between exp(2n1k/N) and each of the kth particular
and the (N-1-k)th specific data 1n accordance with Equation
(38) 1nto the processed signal. In this event, the first inverse
processing part 16 will be referred to as a calculation
arrangement.

In FIG. 4, the imnverse FFT part 33 carries out the linear
inverse FFT on the processed signal in accordance with
Equation (40) to produce an internal signal representative of
a result of the inverse FFT. The mverse FFT part 23 will be
referred to as an internal transiform carrying out arrange-
ment.

Referring to FIG. 7 together with FIG. 4, the description
will be directed to operation of the second 1nverse process-
ing part 32. The mverse FFT part 23 produces, as the internal
signal, a succession of zeroth through (p-1)th and pth
through (N/2-1)th internal data. At a first stage SD1, the
second mverse processing part 32 1s supplied with the inter-
nal signal from the mnverse FFT part 23.

The first stage SD1 proceeds to a second stage SD2 at
which the second mverse processing part 32 carries out mul-
tiplication between the pth internal datum and the exp| 2m;
(p+12)/(2N)] in accordance with Equation (41) into a local
product to make the 1inverse transformed signal represent the
local product. The local product 1s a succession of zeroth
through (N/4-1)th and (N/4)th through (IN/2-1)th product
data. In this event, the second 1nverse processing part 32 will
be referred to as a multiplying arrangement.

The second stage SD2 proceeds to a third stage SD3 at
which the second inverse processing part 32 processes the
zeroth through the (IN/4-1)th product data in accordance
with Equation (42a) into a first succession of (3N/4-1)th
through (N/2)th particular data 1n a descending order and a
second succession of (3N/4)th through Nth particular data 1n
ascending order. The particular data of the first and the sec-
ond successions have a first polarity in common. In this
event, the second inverse processing part 32 will be referred
to as a particular processing arrangement.

The third stage SD3 proceeds to a fourth stage SD4 at
which the second inverse processing part 32 processes the
(N/4)th through the (N/2-1)th product data in accordance
with Equation (42b) into a first succession of zeroth through
(N/4-1)th specific data 1n an ascending order and a second
succession of (N/2-1)th through (IN/4)th specific data 1n a
descending order. The specific data of the first and the sec-
ond successions have a second polarity in common. The
second polarity 1s different from the first polarity. In this
event, the second inverse processing part 32 will be referred
to as a speciiic processing arrangement.

While the present invention has thus far been described 1n
connection with only a few embodiment thereof, it will
readily be possible for those skilled 1n the art to put this
invention into practice i various other manners. For
example, the block length N may be equal to 256 or 512.

What 1s claimed 1s:

1. An apparatus for carrying out a forward modified dis-
crete cosine transform comprising;:

an input signal;

a multiplier, said multiplier multiplying a predetermined

forward transform window function and said input sig-
nal and outputting as a result a product signal;

transform carrying out means connected to said multiplier
for carrying out a linear forward modified discrete
cosine transform on said product signal and for output-
ting a forward modified discrete cosine transformed
signal representative of said linear forward modified
discrete cosine transtform, wherein said transform car-
rying out means further comprises:
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a first processing device connected to receive said product
signal from said multiplier, said first processing device
outputting a processed signal;

means connected to said first processing device for recerv-
ing said processed signal and carrying out a forward
fast Fourier transform on said processed signal and out-
putting an internal signal representative of said forward
fast Fourier transform; and

a second processing device connected to receive said
internal signal from said means for carrying out a for-
ward fast Fourier transform, said second processing
device processing said internal signal and outputting as
a result said forward modified discrete cosine trans-
formed signal.

2. An apparatus as recited 1in claim 1, wherein said product

signal produced by said multiplier, 1s a succession of zeroth

through (N/4-1)th and (N/4)th through (N-1)th product
data, where N represents an integral multiple of four;
said first processing device includes a particular process-
ing means connected to said multiplier for processing
said zeroth through said (N/4-1)th product data into a
succession of (3N/4) through Nth particular data having,
a first polarity 1n common;

said first processing device further includes a specific pro-
cessing means connected to said multiplier for process-
ing said (N/4)th through said (N-1)th product data into
a succession of zeroth through (3N/4-1)th specific data
having a second polarity in common, said second polar-
ity being different from said first polarity; and

a calculating means 1s connected to said particular pro-
cessing means, said specific processing means, and said
means for carrying out a forward fast Fourier
transform, for calculating said processed signal by
using a predetermined signal and each of said (3N/4)
through said Nth particular and said zeroth through said
(3N/4-1)th specific data.

3. An apparatus as recited in claim 2, wherein said prede-
termined signal represents exp(—2mn/(2N)), and said calcu-
lating means multiplies said exp(-2mn/(2N)) and each of
said (3N/4) through said Nth particular data and said zeroth
through the (3N/4-1)th specific data to produce said pro-
cessed signal, where j represents an 1imaginary unit, n being
variable between 0 and N-1, both inclusive.

4. An apparatus as recited 1n claim 2, wherein said calcu-
lating means comprises:

combining means connected to said particular and said
specific processing means for combining said particular
and said specific data successions mto a succession of
zeroth through (N-1-2p)th and 2pth through (N-1)th
combined data, where p 1s variable between 0 and N/2—-
1, both inclusive;

a subtractor connected to said combining means, said sub-
tractor subtracting said (N-1-2p)th combined datum
from said 2pth combined datum to produce a difference
and output a local signal representative of said differ-
ence; and

internal multiplying means connected to said subtractor
and said means for carrying out a forward fast Fourier
transiorm, for multiplying a predetermined signal with
said local signal into an internal product to make said
processed signal represent said internal product.

5. An apparatus as recited in claim 4, wherein said prede-
termined signal represents exp(-2mp/N), and said internal
multiplying means multiples said exp(-2mjp/N) and said
local signal to produce said processed signal, where j repre-
sents an 1maginary unit, p being variable between O and
N-1, both inclusive.
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6. An apparatus as recited 1in claim 1, wherein said internal
signal 1s a succession of zeroth through (K-1)th and kth
through (N/2-1)th internal data, where N represents an inte-
gral multiple of four, k being variable between 0 and N-1,
both inclusive, and wherein said second processing device
includes internal multiplying means connected to said
means for carrying out a forward fast Founier transform, for
multiplying said kth internal datum and exp(-2mj(k+%2)/
(2N)) 1nto a local product to make said forward transtormed
signal represent said local product, where j represents an
imaginary number.

7. An apparatus for carrying out an inverse modified dis-
crete cosine transform comprising;:

an mput signal comprising a modified discrete cosine
transformed signal,

transform carrying out means for carrying out a linear
iverse modified discrete cosine transform on said input
signal and for outputting an nverse modified discrete
cosine transformed signal representative of a result of
said linear 1mverse modified discrete cosine transform;

a multiplier connected to said transform carrying out
means, said multiplier multiplying a predetermined
iverse transiform window function and said inverse
modified discrete cosine transformed signal to produce
a product signal; wherein said transform carrying out
means comprises:

a first processing device which recerves said input signal
and outputs a processed signal;

internal transform carrying out means connected to said
first processing device for carrying out an inverse fast
Fourier transform on said processed signal and for out-
putting as a result of said inverse fast Fourier transform
an 1nternal signal; and

a second processing device connected to said internal
transform carrying out means to receive said internal
signal and output as a result of processing said internal
signal said inverse modified discrete cosine transtormed
signal.

8. An apparatus as recited 1n claim 7, said mput signal
being a succession of zeroth through (N-1)th apparatus
input data, where N represents an integral multiple of four,
wherein said first processing device includes a first
multiplier, said multiplier multiplying said zeroth through
said (N-1)th apparatus mput data and exp(2m(N/4+14)k/N)
and outputting as a result a first product, said processed sig-
nal representing said first product, where j represents an
imaginary unit, k being variable between 0 and N-1, both
inclusive.

9. An apparatus as recited in claim 7, said internal trans-
form carrying out means producing, as said internal signal, a
succession of zeroth through (N-1)th internal data, where N
represents an integral multiple of four, wherein said second
processing device mcludes a second multiplier connected to
said internal transform carrying out means, said multiplier
multiplying said zeroth through said (N-1)th internal data
and exp(-2mj(n+N/4+%2)/(2N)) 1nto a second product, said
iverse transformed signal representing said second product,
where ] represents an 1imaginary unit, n being variable
between 0 and N-1, both inclusive.

10. An apparatus as recited in claim 7, wherein said input
signal 1s a succession of zeroth through (N/2-1)th apparatus
input data, where N represents an integral multiple of four;

said first processing device includes a particular process-
ing means for processing said 2kth apparatus input
datum into a kth particular datum, where k 1s variable
between 0 and N/2-1, both inclusive and a specific pro-
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cessing means for processing said (2k+1)th apparatus
iput datum into a (IN-1-k)th specific datum; and

a calculating means connected to said particular and said
specilic processing means for calculating said pro-

cessed signal by using a predetermined signal and each
of said kth particular and said (N-1-k)th specific data.

11. An apparatus as recited 1n claim 10, wherein said pre-
determined signal represents exp(2mjk/N), where 1 repre-
sents an 1maginary unit, and said calculating means multi-

plies said predetermined signal and said kth particular
datum.

12. An apparatus as recited 1n claim 7, said internal trans-
form carrying out means producing, as said internal signal, a
succession of zeroth through (p-1)th and pth through (IN/2-
1 )th internal data, where N represents an integral multiple of
four, p being variable between 0 and (N/2-1), both inclusive,
wherein said second processing device comprises:

a multiplier connected to said internal transform carrying
out means, said multiplier multiplying said pth internal
datum and exp(2m(p+2)/2N) resulting 1n a local prod-
uct to make said inverse transformed signal represent
said local product, j representing an 1maginary unit,
said local product being a succession of zeroth through

(N/4-1)th and (N/4)th through (N/2-1)th product data;

a particular processing means connected to said multiplier
for processing said zeroth through said (N/4-1)th prod-
uct data into a first succession of [(3/N4-1)] (3N/4-1)th
through (N/2)th particular data in a descending order
and a second succession of (3N/4)th through Nth par-
ticular data 1n an ascending order, said particular data of
said first and said second successions having a first
polarity 1n common; and

a specilic processing means connected to said multiplier
for processing said (N/4)th through (N/2-1)th product
data into a first succession of zeroth through (N/4-1)th
specific data 1n an ascending order and a second succes-
ston of (N/2-1)th through (IN/4)th specific data 1n a
descending order, the specific data of said first and said
second successions having a second polarity 1n
common, said second polarity being ditferent from said
first polarity.

13. The apparatus of claim 1 wherein said input signal is

an audio signal.

14. The apparatus of claim I wherein said modified dis-
crete cosine transformed signal has a block length N of 512.

13. The apparatus of claim 1 wherein said transform car-
rving out means calculates fewer than N* multiplications.

16. The apparatus of claim 1 wherein said transform car-
rving out means calculates fewer than N(N-1) additions.

17. The apparatus of claim 1 wherein said processed sig-
nal is formed by multiplying said input signal by a predeter-
mined factor:

18. The apparatus of claim 17 wherein said modified dis-
crete cosine transformed signal comprises said internal sig-
nal representative of said forward fast Fourier transform
multiplied by a second predetermined factor.

19. The apparatus of claim 7 wherein said modified dis-
crete cosine transformed signal is a transformed audio sig-
nal.

20. The apparatus of claim 7 wherein said modified dis-
crete transformed signal has a block length N of 512.

21. The apparatus of claim 7 wherein said transform car-
rving out means calculates fewer than N° multiplications to
carry out said inverse discrete cosine transform.

22. The apparatus of claim 21 wherein said transform
carrying out means calculates fewer than N(N-1) additions
to carry out said inverse discrete cosine transform.
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23. The apparatus of claim 7 wherein said processed sig-
nal comprises said input signal multiplied by a predeter-
mined factor:

24. The apparatus of claim 23 wherein said inverse modi-

5 fled discrete cosine transform signal comprises said internal
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signal representative of said inverse forward fast Fourier
transform multiplied by a second predetermined factor.
25. An apparatus for carrying out an inverse transform
COmprising:
an input signal y(m, k);
transform carrying out means for carrying out a linear
inverse transform xt(m,n) on said input signal v(m, k)
and for outputting an inverse transformed signal repre-
sentative of a rvesult of said linear inverse transform,
said linear inverse transform being defined by:

N—1{
xt(m, n) = QINZ y(m, k)cos[2r(n + n0)k + 1/2)/N]
=0

where m vepresents a block number, n vepresents a sample
number, N vepresents a block length and k is an integer

between 0 and N-1 ;

a multiplier connected to said transform carrying out
means, said multiplier multiplying a predetermined
inverse transform window function and said inverse
transformed signal to produce a product signal;
wherein said transform carrying out means comprises:

a first processing device which receives said input signal
v(m, k) and outputs a processed signal, said processed
signal comprising a product signal formed by multiply-
ing said input signal y(m, k) by a predetermined factor;

internal transform carrying out means connected to said
first processing device for carrying out an inverse fast
Fourier transform on said processed signal and for out-
putting as a vesult of said inverse fast Fourier transform
an internal signal; and

a second processing device connected to said internal
transform carrying out means to receive said internal
signal and output as a result of processing said internal
signal said inverse transformed signal.

26. The apparatus of claim 17 wherein N is 512.

27. The apparatus of claim 17 wherein said transform
carrying out means calculates fewer than N° multiplica-
tions.

28. The apparatus of claim 19 wherein said transform
carrying out means calculates fewer than N(N-1) additions.

29. An apparatus for carrying out an inverse transform
COmprising:

a transformed discrete audio input signal having a block

size (N)of 512;

transform carrying out means for carrying out a linear
inverse transform on said input signal by calculating
fewer than N* multiplications and fewer than N(N-1)
additions, and for outputting an inverse transformed
signal representative of a result of said linear inverse
transform;

a multiplier connected to said transform carrying out
means, said multiplier multiplying a predetermined
inverse transform window function and said inverse
transformed signal to produce a product signal;
wherein said transform carrying out means comprises:

a first processing device which rveceives said input signal
and outputs a processed signal;

internal transform carrying out means connected to said
first processing device for carrying out an inverse fast
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Fourier transform on said processed signal and for out-
putting as a result of said inverse fast Fourier transform
an internal signal; and

a second processing device connected to said internal
transform carrying out means to receive said internal
signal and output as a result of processing said internal
signal said inverse transformed signal.

30. An apparatus for carrying out a forward transform

COmMprising.

an input signal x(n);

a multiplier for multiplving a predetermined forward
transform window function and said input signal x(n) to
produce a product signal to produce a product signal
xh(n):;

transform carrying out means connected to said multi-
plier for carryving out a linear forward transform on
said product signal xh(n) and for outputting a forward

transformed signal v(m k) representative of a result of
said forward transform, said linear forward transform

being defined by;

N—1
y(m, k) = Z xh(r)cos [2rn(k + 1/2)(n + nO)IN]
n=_0

where m represents a block number, n vepresents a sample
number, N represents a block length and k is an integer

between 0 and N-1 ;

wherein said transform carrying out means comprises.

a first processing device which veceives said product sig-
nal xh(n) and outputs a processed signal, said pro-
cessed signal comprising a product signal formed by
multiplying said product signal xh(n) by a predeter-
mined factor;

internal transform carrying out means connected to said
first processing device for carrying out a forward fast
Fourier transform on said processed signal and for out-
putting as a rvesult of said forward fast Fourier trans-
form an internal signal; and

a second processing device connected to said internal
transform carrying out means to receive said internal
signal and output as a vesult of processing said internal
signal said forward transformed signal.

31. An apparatus for carrying out a forward transform

COmprising:

an input signal having a block size (N) of 512;

a multiplier for multiplyving a predetermined forward
transform window function and said input signal to
produce a product signal; and

transform carrying out means connected to said multi-
plier for carrying out a linear forward transform on
said product signal by calculating fewer than N° multi-
plications and fewer than N(N-1) additions, and for
outputting a forward transformed signal vepresentative
of a result of said linear forward transform;

wherein said transform carrying out means comprises.

a first processing device which veceives said product sig-
nal and outputs a processed signal;

internal transform carryving out means connected to said
first processing device for carrying out a forward fast
Fourier transform on said processed signal and for out-
putting as a result of said forward fast Fourier trans-
form an internal signal; and

a second processing device connected to said internal
transform carrying out means to receive said intevnal

10

15

20

25

30

35

40

45

50

55

60

65

20

signal and output as a vesult of processing said internal
signal said forward transformed signal.
32. An apparatus for carrying out a forward modified dis-
crete cosine transform comprising:

an input signal;

a multiplier, said multiplier multiplying a predetermined

Jorward transform window function and said input sig-
nal and outputting as a result a product signal; and

transform carryving out means connected to said multi-
plier for carrying out a linear forward modified dis-
crete cosine transform on said product signal and for
outputting a forward modified discrete cosine trans-
Jormed signal vepresentative of said linear forward
modified discrete cosine transform, wherein said trans-
form carrying out means comprises:

a first processing device connected to rveceive said product
signal having N samples, N being an integer, from said
multiplier, said first processing device outputting a pro-
cessed signal having M samples, M being an integer

different from N;

means connected to said first processing device for rveceiv-
ing said processed signal and for carryving out a for-
ward fast Fourier transform on said processed signal,
and for outputting an internal signal vepresentative of
said forward fast Fourier transform,; and

a second processing device comnnected to receive said
internal signal from said means for carryving out a for-
ward fast Fourier transform, said second processing
device processing said internal signal and outputting
as a result said forward modified discrete cosine trans-
Jormed signal.

33. The apparatus as claimed in claim 32, whervein M is

smaller than N.
34. The apparatus as claimed in claim 32, whervein M is
equal to N/2.

35. An apparatus for carrying out an inverse modified

discrete cosine transform comprising:

an input signal having M samples, M being an integer;

transform carrying out means carrying out a linear
inverse modified discrete cosine transform on said
input signal and for outputting an inverse modified dis-
crete cosine transformed signal having M samples vep-

resentative of said linear inverse modified discrete
cosine transform,; and

a multiplier connected to said transform carrying out
means, said multiplier multiplying a predetermined
inverse transform window function and said linear
inverse modified discrete cosine transformed signal to
produce a product signal having N samples, N being an
integer different from M, wherein said transform carry-
Ing out means comprises.

a first processing device which veceives said input signal,
said first processing device outputting a processed sig-
nal;

internal transform carryving out means connected to said
first processing device for carrying out an inverse fast
Fourier transform on said processed signal as a vesult
of processing said inverse fast Fourier transform an
internal signal; and

a second processing device connected to said internal
transform carrying out means to receive said internal
signal and output as a vesult of processing said inverse
modified discrete cosine transformed signal.

36. The apparatus as claimed in claim 35, whervein M is

smaller than N.
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37. The apparatus as claimed in claim 35, wherein M is
equal to N/2.

38. An apparatus for carrying out a forward transform
COmprising:

an input signal x(n); d

a multiplier for multiplving a predetermined forward

transform window function and said input signal x(n) to
produce a product signal xh(n); and

transform carrying out means connected to said multi-
plier for carrying out a linear forward transform on
said product signal xh(n) and for outputting a forward
transformed signal v(m, k) vepresentative of a vesult of
said forward transform, said linear forward transform

being defined by;

10

15

N-—1
ym. k)= ) xh(n)cos [2x(k + 1/2)(n + nO)/N)
n=0
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where m represents a block number, n vepresents a sample
number, N represents a block length and k is an integer

between 0 and N-1 ;

whevrein said transform carrying out means comprises.

a first processing device which receives said product sig- 2>

nal xh(n) having N samples and outputs a processed
signal having M samples, M being an integer different
from N, said processed signal comprising a product
signal formed by multiplving said product signal xh(n)

by a predetermined factor, 30

internal transform carryving out means connected to said
first processing device for carrying out a forward fast
Fourier transform on said processed signal and for out-
putting as a result of said forward fast Fourier trans-

_ _ 35
form an internal signal; and

a second processing device connected to said internal
transform carrying out means to receive said internal
signal and output as a result of processing said internal
signal said forward transformed signal. 40
39. The apparatus as claimed in claim 38, wherein M is
smaller than N.

40. The apparatus as claimed in claim 38, wherein M is
equal to N/2.

41. An apparatus for carrying out an inverse transform 45
COMpPriSing:

an input signal v(m, k) having M samples, M being an
integer;

transform carrying out means for carrying out a linear
inverse transform on said input signal v(m, k) and for 350
outputting an inverse transformed signal xt(m,n) repre-
sentative of a result of said linear inverse transform,
said linear inverse transform being defined by:

N—1] 55
xt(m, n) = ZINZ y(m, k)cos[2n(n +n0)k = 1/2)/IN]
=0

where m vepresents a block number, n vepresents a sample
number, N represents a block length and k is an integer

between 0 and N-1;

a multiplier connected to said transform carrying out
means, said multiplier multiplying a predetermined
inverse transform window function and said inverse

60
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transformed signal xt(m,n) to produce a product signal
having N samples, N being an integer different from M;

wherein said transform carrying out means comprises:

a first processing device which receives said input signal
v(m, k) and outputs a processed signal, said processed
signal comprising a product signal formed by multiply-
ing said input signal y(m, k) by a predetermined factor,;

internal transform carrying out means connected to said
first processing device for carrying out an inverse fast
Fourier transform on said processed signal and for out-
putting as a vesult of said inverse fast Fourier transform
an internal signal; and

a second processing device connected to said internal
transform carrying out means to receive said internal
signal and output as a vesult of processing said internal
signal said inverse transformed signal.
42. The apparatus as claimed in claim 41, wherein M is
smaller than N.

43. The apparatus as claimed in claim 41, whervein M is
equal to N/2.

44. An apparatus for carrying out an inverse transform
COmprising:

an input signal yv(m k) having M samples, M being an
Iinteger,

transform carrying out means for carrying out a linear
inverse transform on said input signal yv(m,k) and for
outputting an inverse transformed signal xt(m,n) repre-
sentative of a rvesult of said linear inverse transform,
said linear inverse transform xt(m,n) being determined
using the sum:

M-—i
Z y(m, k)cos[2r(n + n0)k = 1/2)/N]
k=0

where m vepresents a block number, n vepresents a sample
number, N vepresents a block length and k is an integer

between 0 and M-1 ;

a multiplier connected to said transform carrying out
means, said multiplier multiplying a predetermined
inverse transform window function and said inverse
transformed signal xt(m,n) to produce a product signal
having N samples, N being an integer different from M;

wherein said transform carrying out means comprises.

a first processing device which rveceives said input signal
v(m, k) and outputs a processed signal, said processed
signal comprising a product signal formed by multiply-
ing said input signal y(m, k) by a predetermined factor;

internal transform carryving out means connected to said
first processing device for carrying out an inverse fast
Fourier transform on said processed signal and for out-
putting as a vesult of said inverse fast Fourier transform
an internal signal; and

a second processing device connected to said internal
transform carrying out means to receive said internal
signal and output as a vesult of processing said internal
signal said inverse transformed signal.

45. The apparatus as claimed in claim 44, wherein M is

smaller than N.
46. The apparatus as claimed in claim 44, whevein M is

equal to N/2.
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