
(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2001/0021152 A1 

US 20010021152A1 

Koyata (43) Pub. Date: Sep. 13, 2001 

(54) REPRODUCING AND RECORDING (30) Foreign Application Priority Data 
APPARATUS, DECODING APPARATUS, 
RECORDING APPARATUS, REPRODUCING May 14, 1998 (JP) . . . . . . . . . . .. P10-132220 

AND RECORDING METHOD, DECODING May 14, 1998 (JP) ...................................... .. P10-132221 
METHOD AND RECORDING METHOD 

Publication Classi?cation 
(75) Inventor: Tomohiro Koyata, Tokyo (JP) 

(51) Int. Cl.7 ..................................................... .. G11B 7/00 

Correspondence Address; (52) US. Cl. ................................... .. 369/5916; 369/5331 
FROMMER LAWRENCE & HAUG, LLP. 
745 FIFTH AVENUE, 10TH FLOOR 
NEW YORK, NY 10151 (US) (57) ABSTRACT 

(73) Asslgnee' SONY CORPORATION A reproducing and recording apparatus, a decoding appara 

(21) APPL NO; 09 $55,428 tus, a recording apparatus, a reproducing and recording 
method, a decoding method and a recording method are 

(22) Filed; May 15, 2001 provided in Which a computation for changing acoustic 
characteristics of compressed digital data is effected on a 

Related US, Application Data scale factor of each divided band in the compressed digital 
data including spectrum data band-divided into a plurality of 

(62) Division of application No. 09/310,617, ?led on May bands on a frequency axis and the scale factor of every 
12, 1999. 

Change _ 

of acoustic 
characteristics 

instructed? 

divided band. 

Step2] 

YES 

Compute 
factor 

SCENE » Ste022 

Normal ize data 1‘ SteD23 

Imdct s0 
data ' 

ectrum 
1* Step24 

l 
Synthesize band 

I01c time axis data /‘ SteDZS 





Patent Application Publication Sep. 13, 2001 Sheet 2 0f 15 US 2001/0021152 A1 

FIG. 2A FIG. 28 

I 22kHz I 22kHz 
Frequency Frequency 

T1kHz TTkHz 

5.5kHz 5.5kHz 

H.6mS 2.9mS 2.91113 2.9mS 2.9mS 
Time "1* Time ~* 

Long Mode Short Mode 

FIG. 26' FIG. 20 

I 22kHz I 22kHz 
Frequency Frequency 

TTkHz ilkHz 

5 . SkHz 5. 5kHz 

OI I I I I I I I I I OI I I I 
2.91118 2.9mS 5.8mS 5.81113 2.91115 2.91113 

Time a T i me a 

Middle Mode A Middle Mode B 



US 2001/0021152 A1 Patent Application Publication Sep. 13, 2001 Sheet 3 0f 15 

J08 20 >28 ‘ 
mom G1: 

t6 318:8 . $6 I + 3:; § 
@1202 @252 2 Al wccbguuw All @835 3835058 r :0 J , J J am as 1 Egg?“ 8m gm 8m Now 

JJ mom 

J Juwixewswcmw mom 0 $3 J 8m 



Patent Application Publication Sep. 13, 2001 Sheet 4 0f 15 US 2001/0021152 A1 

FIG. 4 

l __ .___O_ 

FIG. 6 Frequency/6 

‘81828384 B5 B6 B7 B8 B9 B10 B11 B12 

T __/-~_/~\-~._.xd“ )8 

if; /%7/%// V % /%/////// % 
Frequency —> 



Patent Application Publication Sep. 13, 2001 Sheet 5 of 15 US 2001/0021152 A1 

FIG. 7 

0 Block Size Information 

1 Recording Number of Unit Block and Dual 
Writing Information 

Bit Assignment Information 

Scale Factor Information 

SDectrum Data 212 Bytes 

Spectrum Factor Dual Writing 

Bit Assignment Dual Writing 

210 Dual Writing (Fi rst Byte Data) 

211 Dual Writing (Zertoth Byte Data) 



Patent Application Publication Sep. 13, 2001 Sheet 6 0f 15 US 2001/0021152 A1 

/ 

S F _ _ Nm _ _ _ 

3 Q P P Q E _ mm 2: 3 z: E Q2 3 Q2 2 P 6 mm P _ mm P 5 NF 0 5 3 Q _ mm o S 
m 60 mm 5 mm 60 o 08 Q co 3 08 $252 260 $852 $8 $252 260 

iwmcmmwmm? vw?moww i 



Patent Application Publication Sep. 13, 2001 Sheet 7 0f 15 US 2001/0021152 A1 

com 

t6 EQEWDE 
:m S £23525 

8:“: 6502 

w 65 

+1 5 $2; . . 

at; J 

w??wmcwcmw mom mam 
E $6 I 

wgummwm +1 :0 a? zwgmmmw + 

J ma 2 _ EMU“ m8 

mom ' w 

‘ill: ta SE A! 5m 

1 J J Sm mom mom 

m 6Q 



Patent Application Publication Sep. 13, 2001 Sheet 8 0f 15 US 2001/0021152 A1 

E033; 5502 CDCDN-LOLOQ'CON 

lllllll‘liillllllllll I! l 1 l I (II. 

N P o 

m G 82 @502 

II 

N. E BEEEOZ 

m E 8: E502 

3252 x85 
& 



Patent Application Publication Sep. 13, 2001 Sheet 9 0f 15 US 2001/0021152 A1 

$252 UBEEOZ < m N P 0 3252 x85 

co?m? G502 

a .|l..l..l ..... dd.“ ENZQEQZ 
_ o 5 EN. 3502 

N lllll m .Illl < |..l.|l. 

m Ill-1...... ....................................... i m E 82 $502 

@ lIlI-IIIIII 

N. ..l|||| ................................. -- N G $23502 

w all-Ill 

@ ..l..|ll ............................. “w G 822.62 

2 6E 



Patent Application Publication Sep. 13, 2001 Sheet 10 0f 15 US 2001/0021152 A1 

FIG. I24 

ENC OPE 1 MOD REC 
Tin 2 2 2 2 c 

Operation Recording <§—> Encoder |—' Ckt i-V Modulatorl—> Head I 
T Recording 

Medium 
Microcomputer N CPU 

Input Key KEY 

F / 6‘. I28 

ENC OPE MOD REC 
Tin 2 2 2 2 

Opera’: ion Record i ng é—>| Encoder Hckt |—' Modulator|-—> Head 
l T Recording 

Medium 
N Analyzing - \, CPU ANA Ckt I-V Microcomputer 

input Key KEY 



Patent Application Publication Sep. 13, 2001 Sheet 11 0f 15 US 2001/0021152 A1 

Fl 6‘. 73 

p DEM OPE DEC 
‘ * g g i K Tout 

gégéback HDemodulator|~> g?irat'onH Decoder —2 
Recording 
Medium 

Microcomputer "J CPU 

Input Key }» KEY 

ANT~T 

ENC OPE MOD TX 
Tin 2 V 2 ) ) 

<4—> Encoder H g?iration —> Modulator|--+Transmitter 

Microcomputer "\1 CPU 

M 



Patent Application Publication Sep. 13, 2001 Sheet 12 0f 15 US 2001/0021152 A1 

ANT-R 

RX DEM OPE DEC 
‘ g g ‘ Tout 

Receiver —> Demodulatorl—> g?iration —> Decoder ——>5 
‘ 

Microcomputer N CPU 

Input Key ‘\J KEY 

p DEM DEC 
K g e ‘ Tout 

géggback -> Demodulator —L 02E d Decoder ——<§ 
- - Operation " 

Record mg Medlum _ Ckt 1 Tin 
Recording l Head Modulator T Encoder —<S> 

3 x S 
REC MUD Microcomputer ENC 

\J CPU 

T 
Input Key \1 KEY 



Patent Application Publication Sep. 13, 2001 Sheet 13 0f 15 US 2001/0021152 A1 

FIG‘. 77 

Step]? 
\ 

which is not 
7 Record data 

computed 

Step1] Read compressed 
data 

Change 
of acoustic 

characterlstlcs 
instructed? 

SteplZ 

IStore start address on d Sc SteD13 

Compute scale 

Move head to 
recording SteplS 
posltlon 

Y 

Overwrite 
computed data 1 I l/S’E8D16 



Patent Application Publication Sep. 13, 2001 Sheet 14 0f 15 US 2001/0021152 A1 

FIG. 78 

SteDZi 
Change . 

of acoustic 
characteristics 

instructed? 

YES 

Compute scale 
factor "A Stepzz 

I Normal ize data '’ 3’E8D23 
l 

I dct s ectru 

dl‘ta ’ p '" ‘ASteDZA 
l 

Synthesize band 
of time axis datal? Stepzs 



Patent Application Publication Sep. 13, 2001 Sheet 15 of 15 US 2001/0021152 A1 

FIG. 79 

lmdct ~/~ Step3] 

1 
Calculate scale /\ Step32 
factor 

1 
Compress data |»AStep33 

Step34 
Change 

of acouetic 
characteristics 

Instructed? 

factor “8035 

“i”? v 1 
Recorddata 7 Record 
tgégfr'déj not computed data Stews 

I Compute scale 



US 2001/0021152 A1 

REPRODUCING AND RECORDING APPARATUS, 
DECODING APPARATUS, RECORDING 

APPARATUS, REPRODUCING AND RECORDING 
METHOD, DECODING METHOD AND 

RECORDING METHOD 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a reproducing and 
recording apparatus, a decoding apparatus, a recording appa 
ratus, a reproducing and recording method, a decoding 
method and a recording method in Which acoustic charac 
teristics of compressed digital data are changed by effecting 
calculation on normaliZed information in the compressed 
digital data. 

[0003] 2. Description of the Related Art 

[0004] Heretofore, there have been a variety of audio 
signal high-efficiency coding methods and apparatus, and a 
feW examples of such audio signal high-ef?ciency coding 
methods and apparatus Will be described beloW. There is 
knoWn a method called a transform coding method Which is 
one of block frequency-band division systems in Which an 
audio signal of a time region is blocked at every unit time, 
a signal of a time axis of every block is transformed into a 
signal on a frequency axis, i.e. quadrature-transformed and 
then coded at every band. Also, there is knoWn a method 
called an SBC (Sub Band Coding) method Which is one of 
non-block frequency band division methods in Which an 
audio signal of time region is not blocked at every time unit 
but divided into a plurality of frequency bands thereby 
coded. Further, there is knoWn a high-ef?ciency coding 
method Which is a combination of the above-mentioned 
band division coding method and the transform coding 
method. In that case, after the band is divided by the 
above-mentioned band division coding system, the signal of 
every band is quadrature-transformed into a signal of a 
frequency region by the above-mentioned transform coding 
system, and the coding is effected at very orthogonal 
transformed band. 

[0005] As a band-division ?lter used in the above-men 
tioned band division coding system, there is knoWn a ?lter 
such as QMF (Quadrature Mirror ?lter). This QMF is 
described in 1976 E. E. Crochiere Digital coding speed in 
subbands Bell Syst. Tech. J. Vol. 55, No. 8. 1976. Also, 
ICASSP 83, BOSTON Polyphase Quadrature ?lters—A neW 
subband coding technique Joseph H. RothWeiler describes 
equal band Width ?lter dividing method and apparatus such 
as PQF (Polyphase Quadrature ?lter). 

[0006] Also, as the above-mentioned quadrature trans 
form, there is knoWn a quadrature transform in Which an 
input audio signal is blocked at a predetermined unit time 
(frame) and the time axis is transformed into the frequency 
axis by effecting FFT (Fast Fourier Transform) or DCT 
(Discrete Cosine Transform) or MDCT (Modi?ed Discrete 
Cosine Transform). The above-mentioned MDCT is 
described in ICASSP 1098 Subband/Transform Coding 
Using Filter Bank Designs Based on Time Domain Aliasing 
Cancellation J. P. Princen A. B. Bradley Univ. of Surrey 
Royal Melbourne Inst. of Tech. 

[0007] Further, as a frequency dividing Width used When 
each frequency-band-divided frequency component is quan 
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tiZed, there is knoWn a band division considering man’s 
auditory characteristics. That is, in a band Width in Which the 
band Width is Widened in the high band on the frequency 
axis called a critical band, an audio signal is divided into a 
plurality of bands, eg 25 bands. When data of every band 
of this time is encoded, the encoding is executed by a 
predetermined bit distribution of every band or adaptive bit 
distribution of every band. For example, When MDCT 
coef?cient data of every band obtained by the MDCT 
processing is encoded by the bit distribution, the encoding is 
executed by the adaptive distribution bit number. 

[0008] Further, in the case of the encoding at every band, 
data is normaliZed at every band and quantiZed, thereby 
effecting a so-called block ?oating processing in Which a 
more efficient encoding can be realiZed. For example, When 
the MDCT coef?cient data obtained by the above-mentioned 
MDCT processing is encoded, data is normaliZed in 
response to the maximum value of the absolute value of the 
above-mentioned MDCT coefficient at every band and quan 
tiZed, thereby making it possible to execute the more ef? 
cient encoding. In the normaliZation, there are in advance 
determined a plurality of numbers corresponding to siZe 
information, and the numbers are used as normaliZation 
information. The siZe information of the previously-deter 
mined normaliZation is numbered at an interval of a constant 
magnitude. 
[0009] As the bit distribution method and apparatus there 
for, there have been heretofore knoWn the folloWing tWo 
methods. 

[0010] In the IEEE Transactions of Acoustics, Speech, and 
Signal Processing, vol. ASSP-25, No. 4, August 1977, bits 
are distributed on the basis of the magnitude of the signal of 
every band. Further, in the ICASSP 1980 The critical band 
coder—digital encoding of the perceptual requirements of 
the auditory system M. A. Kransner MIT, there is described 
a method in Which a signal-to-noise ratio necessary for every 
band is obtained by using an auditory masking and bits are 
distributed in a ?xed fashion. 

[0011] A signal high-ef?ciency coded by the above-men 
tioned method is decoded by the method Which folloWs. 
Initially, the high-ef?ciency coded signal is calculated as 
MDCT coef?cient data by using bit distribution information 
of every band, normaliZation information or the like. The 
MDCT coef?cient data is transformed into data of time 
region by so-called IMDCT. When data is band-divided by 
the band-dividing ?lter upon encoding, data are further 
synthesiZed by using a band-synthesiZing ?lter. By the 
above-mentioned operation, data of the original time region 
is decoded. 

[0012] With respect to the signal of the time region Which 
results from decoding the high-ef?ciency coded signal, let it 
be considered that the magnitude of the amplitude, i.e. 
reproduction level is adjusted and that a ?lter processing 
Which is the level adjustment of every band is executed. 
When the reproduction level is adjusted, such adjustment is 
realiZed by effecting multiplication, addition or subtraction 
of a constant amount of the signal component of the time 
region Which is not yet encoded fundamentally or the signal 
component Which is decoded to the time region. Further, 
When the ?lter processing is executed, such ?lter processing 
is realiZed by a so-called convolutional computation or a 
combination of delay circuits and multipliers. In both cases, 
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there are required a plurality of multipliers, adders, delay 
circuits and the like so that the processing process increases. 

[0013] Also, there is considered a method in Which the 
reproduction level is adjusted by MDCT coef?cient data of 
the MDCT frequency region and the ?lter is realiZed by 
further adjusting the level. With respect to this method, there 
are required multipliers or adders or multiplication using the 
subtracter or addition or subtraction of the number corre 
sponding to the number of the MDCT coef?cient data so that 
the processing process increases. 

[0014] Further, a similar problem arises When the high 
ef?ciency coded signal is recorded on a certain recording 
medium and the signal of the time region in Which the 
recorded signal is decoded is re-recorded in such a manner 
that information is changed such that the magnitude of the 
amplitude, i.e. reproduction level is changed or When infor 
mation is re-recorded under the condition that information is 
changed in the form of being processed by the so-called ?lter 
effect. In particular, When the reproduction level is adjusted 
in the time region and the adjusted result is re-recorded on 
the recording medium, the IMDCT and the MDCT should be 
executed so that a quality is deteriorated by computation 
error or the like. 

[0015] A similar problem arises When a ?lter processing is 
realiZed by the transform to the analog region. 

[0016] When an analog audio signal is processed by ?lter 
processing such as a loW-pass ?lter, a buZZ-boost ?lter, a 
bandpass ?lter, a high-pass ?lter or the like, so-called effect 
processing, there has heretofore been required a special 
processing IC. 

[0017] Also, in order to effect the ?lter processing on a 
part of audio signal, after a high-ef?ciency coded digital 
audio signal is expanded and a part of the expanded audio 
signal is processed by a ?lter processing, a resultant audio 
signal cannot be high-ef?ciency coded. 

SUMMARY OF THE INVENTION 

[0018] In vieW of the aforesaid aspect, it is a ?rst object of 
the present invention to provide a reproducing and recording 
apparatus, a decoding apparatus, a recording apparatus, a 
reproducing and recording method, a decoding method and 
a recording method in Which an adjustment of reproduction 
level of a signal of a time region in Which a high-ef?ciency 
coded signal is decoded can be realiZed by smaller process 
ing process. 

[0019] It is a second object of the present invention to 
provide a reproducing and recording apparatus, a decoding 
apparatus, a recording apparatus, a reproducing and record 
ing method, a decoding method and a recording method in 
Which a signal of a time region in Which a high-ef?ciency 
coded signal is recorded on a certain recording medium and 
the recorded signal is decoded can be re-recorded by smaller 
processing process While the reproduction level is changed 
and a quality can be prevented from being deteriorated When 
a computation such as IMDCT and MDCT is executed. 

[0020] It is a third object of the present invention to 
provide a reproducing and recording apparatus, a decoding 
apparatus, a recording apparatus, a reproducing and record 
ing method, a decoding method and a recording method in 
Which a ?lter processing on a signal of a time region in 
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Which a high-ef?ciency coded signal is decoded can be 
realiZed by smaller processing process and simple arrange 
ment and in Which a ?lter processing of an arbitrary portion 
With respect to the time region signal becomes possible. 

[0021] It is a fourth object of the present invention to 
provide a reproducing and recording apparatus, a decoding 
apparatus, a recording apparatus, a reproducing and record 
ing method, a decoding method and a recording method in 
Which a signal of a time region in Which a high-ef?ciency 
coded signal is recorded on a certain recording medium and 
the recorded signal is decoded can be re-recorded by smaller 
processing process and simple arrangement While informa 
tion is changed in the form of information With a ?lter effect 
achieved thereon, a ?lter processing of an arbitrary portion 
With respect to the time region signal becomes possible and 
in Which a quality can be prevented from being deteriorated 
When a computation such as IMDCT and MDCT is 
executed. 

[0022] According to an aspect of the present invention, 
there is provided a reproducing and recording apparatus 
Which is comprised of data read means for reading com 
pressed digital data including spectrum data Whose band is 
divided into a plurality of bands on a frequency axis and a 
scale factor of every divided band from a recording medium, 
computation means for receiving compressed digital data 
including the band-divided spectrum data and the scale 
factor of every divided band from the data read means and 
effecting a computation for changing acoustic characteristics 
of the compressed digital data, and recording means for 
re-recording the compressed digital data Whose acoustic 
characteristics are changed When the computation means 
computes the scale factor of the every band on the recording 
medium. 

[0023] According to another aspect of the present inven 
tion, there is provided a decoding apparatus Which is com 
prised of computation means for receiving compressed 
digital data including spectrum data Which is band-divided 
into a plurality of bands on a frequency axis and a scale 
factor of every divided band and effecting a predetermined 
computation on the scale factor of the every divided band, 
normaliZation means for normaliZing the band-divided spec 
trum data contained in the compressed digital data based on 
the scale factor of the every divided band computed by the 
computation means, IMDCT means for obtaining band 
divided digital data on a time axis by processing the band 
divided spectrum data normaliZed by the normaliZation 
means in an IMDCT fashion, and band-synthesiZing means 
for band-synthesizing the digital data on the time axis 
band-divided by the IMDCT means. 

[0024] According to other aspect of the present invention, 
there is provided a recording apparatus Which is comprised 
of MDCT means for processing an inputted digital signal on 
a time axis in a MDCT fashion to provide spectrum data on 
a frequency axis, scale factor calculating means for calcu 
lating a scale factor of every divided band for normaliZation 
by band-dividing the spectrum data on the frequency axis, 
data compressing means for providing compressed data 
including a scale factor of every divided band and spectrum 
data by compressing the spectrum data on the frequency axis 
calculated by the scale factor calculating means, computa 
tion means for receiving compressed digital data including 
the scale factor of the every divided band and spectrum data 
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from the data compressing means and effecting a computa 
tion for changing acoustic characteristics of the compressed 
digital data on the scale factor of the every divided band, and 
recording means for recording the compressed digital data in 
Which acoustic characteristics are changed When the com 
putation means computes the scale factor of the every band 
on a recording medium. 

[0025] According to a further aspect of the present inven 
tion, there is provided a reproducing and recording method 
Which comprises the steps of reading compressed digital 
data including spectrum data on a frequency axis band 
divided and a scale factor of every divided band from a 
recording medium, effecting a computation for changing 
acoustic characteristics of the compressed digital data on the 
scale factor of the every divided band in compressed digital 
data including the read out spectrum data on the frequency 
axis band-divided and the scale factor of every divided band, 
and re-recording the compressed digital data Whose acoustic 
characteristics are changed on the recording medium by 
computing the scale factor of the every band. 

[0026] According to yet a further aspect of the present 
invention, there is provided a decoding method Which com 
prises the steps of effecting a predetermined computation on 
the scale factor of every divided band in compressed digital 
data including spectrum data on a frequency axis band 
divided into a plurality of bands and the scale factor of every 
divided band, normaliZing the band-divided spectrum data 
in the compressed digital data based on the computed scale 
factor of the every divided band, providing digital data on a 
time axis band-divided by processing the normaliZed band 
divided spectrum data in an IMDCT fashion, and band 
synthesiZing digital data on the time axis band-divided. 

[0027] In accordance With still a further aspect of the 
present invention, there is provided a recording method 
Which comprises the steps of transforming an inputted 
digital signal on a time axis into spectrum data on a 
frequency axis in an MDCT fashion, calculating a scale 
factor of every divided band for normaliZation by band 
dividing spectrum data on the frequency axis into a plurality 
of bands, providing compressed digital data including a 
scale factor of every divided band and spectrum data by 
compressing the band-divided spectrum data on the fre 
quency axis in response to the calculated scale factor of 
every divided band, receiving compressed digital data 
including the scale factor of the every divided band and 
spectrum data and effecting a computation for changing 
acoustic characteristics of the compressed digital data on the 
scale factor of the every divided band, and recording the 
compressed digital data Whose acoustic characteristics are 
changed on a recording medium by computing the scale 
factor of the every band. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] FIG. 1 is a block diagram shoWing a high-ef? 
ciency coding encoder for use in bit-rate-coding as a speci?c 
example according to the present invention; 

[0029] FIG. 2A is a diagram shoWing a long mode Which 
is an example of a structure of a quadrature transform block 
used in bit compression; 

[0030] FIG. 2B is a diagram shoWing a short mode Which 
is an example of a structure of a quadrature transform block 
used in bit compression; 
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[0031] FIG. 2C is a diagram shoWing a middle mode A 
Which is an example of a structure of a quadrature transform 
block used in bit compression; 

[0032] FIG. 2D is a diagram shoWing a middle mode B 
Which is an example of a structure of a quadrature transform 
block used in bit compression; 

[0033] FIG. 3 is a block diagram shoWing an example of 
a bit assignment calculating circuit; 

[0034] FIG. 4 is a diagram shoWing a spectrum of a band 
divided in consideration of each critical band and a block 
?oating; 

[0035] FIG. 5 is a diagram shoWing a masking spectrum 
FIG. 6 is a diagram shoWing results obtained When the 
minimum audible curve and the masking spectrum are 
synthesiZed; 

[0036] FIG. 7 is a diagram shoWing the manner in Which 
data is coded; 

[0037] FIG. 8 is a diagram shoWing details of ?rst byte 
data in FIG. 7; 

[0038] FIG. 9 is a block diagram shoWing a speci?c 
example of a high-ef?ciency compression codes signal 
decoder; 

[0039] FIG. 10 is a diagram used to explain a loW-pass 
?lter; 

[0040] FIG. 11 is a diagram used to explain a loW-pass 
?lter; 

[0041] FIG. 12A is a block diagram shoWing a speci?c 
example of a recording apparatus according to the present 
invention; 

[0042] FIG. 12B is a block diagram shoWing an example 
in Which the levels are analyZed in the speci?c example of 
the recording apparatus according to the present invention; 

[0043] FIG. 13 is a block diagram shoWing a speci?c 
example of a reproducing apparatus according to the present 
invention; 

[0044] FIG. 14 is a block diagram shoWing a speci?c 
example of a transmission apparatus according to the present 
invention; 

[0045] FIG. 15 is a block diagram shoWing a speci?c 
example of a reception apparatus according to the present 
invention; 

[0046] FIG. 16 is a block diagram shoWing a speci?c 
example of a reproducing and recording apparatus according 
to the present invention; 

[0047] FIG. 17 is a ?oWchart to Which reference Will be 
made in explaining a speci?c example of a reproducing and 
recording method according to the present invention; 

[0048] FIG. 18 is a ?oWchart to Which reference Will be 
made in explaining a speci?c example of a decoding method 
according to the present invention; and 

[0049] FIG. 19 is a ?oWchart to Which reference Will be 
made in explaining a speci?c example of a recording method 
according to the present invention. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0050] Preferred embodiments of the present invention 
Will hereinafter be described With reference to the drawings. 

[0051] In the preferred embodiment of the present inven 
tion, an input digital signal such as an audio PCM (Pulse 
Code Modulation) signal is high-efficiency-coded by tech 
nologies such as SBC (Sub Band Coding), ATC (Adaptive 
Transform Coding) and adaptive bit assignment. These 
technologies Will be described With reference to FIG. 1 and 
the folloWing sheets of draWings. 

[0052] In a speci?c example of a high-ef?ciency coding 
apparatus shoWn in FIG. 1, an input digital signal is divided 
into a plurality of frequency bands and spectrum data of 
obtained frequency axis obtained by quadrature-transform 
ing each frequency band is encoded by adaptively assigning 
bits at every critical band, Which Will be described later on, 
in the loW-frequency band and at every band Which results 
from further dividing the critical band in the middle and high 
frequency band in consideration of a block coding effec 
tiveness. In general, the above-mentioned respective blocks 
independently become blocks Which generate a quantiZation 
noise. Further, in the preferred embodiments of the present 
invention, prior to the quadrature-transform, the block siZe, 
i.e. block length is adaptively changed in response to the 
input signal. 

[0053] Speci?cally, as shoWn in FIG. 1, When a sampling 
frequency is 44.1 kHZ, for example, an audio PCM signal 
having a frequency of 0 to 22 kHZ is supplied to an input 
terminal 100. This input signal is divided into 0 to 11 kHZ 
band and 11 kHZ to 22 kHZ band by a band-dividing ?lter 
101 such as a QMF (Quadrature Mirror Filter). The signal 
having the band ranging from 0 to 11 kHZ is divided by a 
band-dividing ?lter 102 such as QMF ?lter into 0 to 5.5 kHZ 
band and 5.5 kHZ to 11 kHZ band. Incidentally, 5.5 kHZ, 11 
kHZ, 22 kHZ are obtained by omitting tWo decimal place for 
simplicity. This is also true in the description Which folloWs. 

[0054] The signal of 11 kHZ to 22 kHZ band from the 
band-dividing ?lter 101 is supplied to an MDCT (Modi?ed 
Discrete Cosine Transform) circuit 103 Which is an example 
of the quadrature transform circuit. The signal having 5.5 
kHZ to 11 kHZ band from the band-dividing ?lter 102 is 
supplied to an MDCT circuit 104, and the 0 to 5 .5 kHZ band 
signal from the band-dividing ?lter 102 is supplied to an 
MDCT circuit 102, in Which they are MDCT-processed. The 
MDCT circuits 103, 104, 105 execute the MDCT processing 
based on block siZes determined by block determining 
circuits 109, 110, 11 provided at every bands. The block siZe 
is referred to as a block length, and refers to a Width on each 
time axis divided When the time axis is divided in the 
quadrature transform. 

[0055] FIGS. 2A, 2B, 2C, 2D shoW speci?c examples of 
standard input signals of block of every band supplied to the 
respective MDCT circuits 103, 104, 105. In the above 
mentioned speci?c examples, three divided ?lter output 
signals have independently a plurality of quadrature trans 
form block siZes of every band and their time resolutions are 
sWitched based on a time characteristic of time and a 
frequency distribution or the like. In the case of a signal 
having no sudden large level ?uctuation, as shoWn by the 
long mode in FIG. 2A, the quadrature transform block siZe 
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is as large as 11.6 ms. In the case of a signal having a sudden 
large level ?uctuation, the quadrature transform block siZe is 
further divided by tWo or four. As shoWn by the short mode 
in FIG. 2B, When the quadrature transform is all divided by 
four and the block siZe is 2.9 ms or as shoWn by the middle 
mode A in FIG. 2C or as shoWn by the middle mode B in 
FIG. 2D, When a part thereof is divided by tWo and the block 
siZe is 5.8 mS or When a part thereof is divided by four and 
the time resolution is 2.9 mS, it becomes possible to cope 
With a complex input signal in actual practice. In the division 
of the quadrature transform block siZe, if the quadrature 
transform block siZe is further divided as long as the scale 
of the processing apparatus can be permitted, then the 
division of the quadrature transform block siZe becomes 
more effective. The block siZe is determined by block siZe 
determining circuits 109, 110, 111 shoWn in FIG. 1, supplied 
to the MDCT circuits 103, 104, 105 and a bit assignment 
calculating circuit 118 and outputted from output terminals 
113, 115, 117 as block siZe information of the corresponding 
blocks. 

[0056] Referring back to FIG. 1, in spectrum data on 
frequency axis obtained by the MDCT processing in the 
MDCT circuits 103, 104, 105 or MDCT coef?cient data 
Which are signal components Within tWo-dimensional block 
concerning time and frequency, the loW band components 
are supplied at every critical band to adaptive bit assignment 
encoding circuits 106, 107, 108 and a bit assignment cal 
culating circuit 118 and middle band components are further 
divided in critical band Width considering an effectiveness of 
block ?oating to the adaptive bit assignment encoding 
circuits 106, 107, 108 and the bit assignment calculating 
circuit 118. The above-mentioned critical band is a fre 
quency band divided considering man’s auditory character 
istics and a band Which has a noise generated When a pure 
sound is masked by a narroW band band noise of the same 
intensity close to the frequency of the pure sound. The band 
Width of the critical band is increased in the high frequency 
band, and the Whole frequency band of 0 to 22 kHZ is 
divided into 25 critical bands, for example. The bit assign 
ment calculating circuit 118 in FIG. 1 calculates the mask 
ing amount of every divided band considering the effective 
ness of the critical band and the block ?oating, energy of 
every divided band or peak value or the like considering a 
so-called masking effect or the like based on the above 
mentioned block siZe information, spectrum data or MDCT 
coef?cient data. Then, the bit assignment calculating circuit 
118 calculates the assignment bit number, i.e. bit distribution 
amount at every divided band based on calculated results, 
and transmits the bit distribution amount to the adaptive bit 
assignment encoding circuits 106, 107, 108 shoWn in FIG. 
1. These adaptive bit assignment encoding circuits 106, 107, 
108 effect re-quantiZation in Which spectrum data or MDCT 
coef?cient data is quantiZed by normaliZation in response to 
the bit number assigned at every divided band considering 
the block siZe information, the critical band and the effec 
tiveness of block ?oating. The data thus encoded are out 
putted through output terminals 112, 114, 116 shoWn in FIG. 
1. For convenience sake of the folloWing description, each 
divided band considering the critical band and the effective 
ness of the block ?oating is referred to as a unit block. 

[0057] Aspeci?c method of bit assignment executed in the 
bit assignment calculating circuit 118 shoWn in FIG. 1 Will 




















