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DESCRIPTION
METHOD AND APPARATUS FOR LOSSLESS
COMPRESSION ENCODING AND DECODING

Technical Field

The present invention relates to encoding and
compression for transmitting and recording super-audio
signals having a quality of reproduced sound much higher

than that of compact disk.

Background Art

' There are a variety of techniques for compression
of aﬁdio signai's. Two major- téchniqﬁes are.kno.\-lvrim Oné of
them is a lossless compression where redundant data which
depend on self—éorrelation or relative-correlation of the
data of music signals are extradted, and only the redundant
components are compressed for transmission and recording.
The other is perceptual encoding where dull components
are allowed to be deleted based on the ambiguity of the
human audible properties to perform a high efficiency of the
encoding (or the quality is degraded). The latter is
commonly used together with the former for low bit rate
communication and package media. However, it s
essential in the super-audio technology for targeting a

much higher level of the sound quality than the compact
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disk (hereinafter referred to as CD) technology to employ

the lossless compression which does not cause degradation

. of the quality. The following description is hence limited to

the lossless compression.

One of such conventional techniques is disclosed
in "Serial transmission apparatus with data compression
function" in Japanese Patent laid-open Publication 7-
74675(1995). The ob'ject thereof is to improve the
transmission rate in a serial transmission apparatus. An
output of an analog-to-digital converter which converts

input analog signal to digital signal is processed by a

_ di.ffefe_ntial process, and the signals are compressed by the

Huffman convefsion. As "the high-rate déta is c.ompre.ssed'
and transmitted over a line having a given communication
speed, the substantial transmission rate is increased, and
this prior art is similar to the present invention on this point.
The differ.ential process functions to bias the profile of

appearance probability of digital data, and this improves

the compression efficiency in the Huffman conversion at the

later stage. In other words, the differential circuit can
increase its advantage by cooperating with the Huffman
conversion circuit. For example, it is said that the
compression rate for converting audio data directly by the
Huffman compression is generally 90 to 95 %, and similar

data have been confirmed through a series of experiments
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by the inventors. When the Huffman compression is

performed after the differential process, the rate may

" slightly-be in-crease'd to 85 to 90 %. |

Meanwhile, as a variety of high-density recording

media including DVD have been developed so far, the pulse

.code modulation (PCM) super-audio technology can be

realized in a wider frequency range and in a wider dynamic
range. The DVD audio technology is just on the stage of
standardizing its format. Its draft version, Book 0.9, was
explained in a meeting at Tokyé on April21, 1998. One of

publications that introduces the meeting is "Radio

_Technblogy", Jun. 1-99.8, Vol. 52, No. 6, Serial No. 695,'by

IA Publishing, pp. 73-77. According to the report, the
major parameters of the DVD audio technology include
sampling frequencies of 48 kHz/96 kHz/192 kHz and 44.1
kHz/88.2 kHz/176.4 kHz, number of linear PCM quantization
bits of 16/20/24, and maximum number of channels (ch) of 6.
It is to be noted that the maximum bit rate is set to 9.6
Mbpé. ~Any combinatioﬁ of the abové parameters can'-be
accepted as far as the bit rate is not greater than the
determined level. For instance, a combination of 96 kHz,
24 bits, and 4 ch has bit rate of 9.216 Mbps, and it can be
utilized. However, another combination of 96 kHz, 24 bits,
and 5 ch has bit rate of 11.52 Mbpts which exceeds 9.6

Mbps, and it cannot be used. A further combination of 96
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kHz, 24 bits, and 6 ch has bit rate of 13.824. Mbps
exceeding 9.6 Mbps, and it cannot be used.

As to the mo-vie; multi-channel systems' becomes
popular particularly in the United States of America. Some
of home appliances employ multi-channel systems such as
5.1 channel (three channels at front center, left, and right,
two channels at rear left and right, and one channel for a
subwoofer), and others may follow before long. In view of
such a background, a multi-channel system is also desired
to employ ‘the super-audio format. It is known that a
combination of 96 kHz, 24 bits, énd 6 ch is feasible with the
use of _highlp.erfor'mance'-recording' e.quipmen'ts available. It
is then proposed to transmit and reco.rd DVD at:vdio signals
without degradation. Hence, the DVD audio technique is
now demanded for the application of 96 kHz, 24 bits, and 6
ch.

In addition, besides the application of 96 kHz, 24
bits, and 6 ch to the DVD audio system, the recording time
of 74 minutes on a single recording side is also des_ire_d,' -
similarly to CD. This resides on the facts that most music
workpieces are finished within 74 minutes and that master
sources produced in the music industry are designated to

fall in the length of 74 minutes. |If its playback period stays

‘within 74 minutes, both of the CD and DVD can favorably be

planned, manufactured, and marketed. It is hence crucial
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for storage on a given size of disk medium that 4.7 GB
(gigabytes) data in the DVD format are compressed so.that.
its bit rate calculated by dividing 4.7 GB with the playback
period (74 minute_s) i.s not higher than 8.47 Mbps.

The foregoing requirements are now compiles
below.

(a) The data compression shall be conducted by
lossless compression which permits reversible conversion.

(b) The transmission rate shall be not higher than
9.6 Mbps defined as the maximum level in the DVD audio
format.

(c) The average transmlssmn rate shall be not
higher than 8.47 Mbps for not exceedlng the playback t|me
of 74 minutes.

(d) Preferably, the data shall be compressed to
60 % or less for allowing the playback time of 74 minutes at

the mode of 96 kHz, 24 bits, and 6 ch.

Disclosure of Inven'tiqn _

The invention is developed to achieve the above
requirements, and its object is to provide a method and an
apparatus for carrying outlossless compression encoding
and decoding of data (a) in a perfectly reversible mode, (b)
at a peak transmission rate of not higher than 9.6 Mbps, (c)

at average transmission rate of not higher than 8.47 Mbps
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for playback time of 74 minutes, and (d) at compressiqn
rate of 60 % or less when playback time of 74 minutes is_
attained in tﬁe format of 96 kHz, 24 bits,'and 6 ch.

in a method and in an apparatus for lossless
compres.sion encoding according to the invention, a given
number of input data samples‘ in a predetermined length of
time is grouped to blocks, correlation between the samples
in each block is deleted, redundant run lengths are
determined in the data after subjected to the correlatidn
deletion, and minimum of the redundant run length or run

length of a common redundant portion in the samples is

detected. Then, the common redundant portion.is deleted .

from each sample, the data which have been subjected to
the deleting the common redundant portion are subjected to
the Huffman conversion, and the run length data of the
common redundant portion and the Huffman-converted data
for each samplé are provided.

In a method and in a apparatus for lossless
compression decoding according to. the'_in.ventio_n',.code d.ata
are received which comprises run length data of a common
redundant portion and data subjected to Huffman
conversion in each sample, the data having been obtained
by the steps of groUping a given number of input data_
samples in a predetermined length of time to blocks,

deleting correlation between the samples in each block,
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determining redundant run length or run length of a common
redundant portion in the samples after the correlation
deletion, and deleting the redundant run length from each
sample. Then, a conversion algorithm is get from the input
déta, and it is used for the Huffman decoding, and the run
length data of the common redundant portion is gotten and
added to the decoded data after the Huffman decoding.
Then, correlation decoding is performed on the data to
which the redundant portion is added.

Thus, in the method and the apparatus for

lossless compression encoding, the redundant portion is

" deleted by using corré-latip‘n in the 'i'hput signals, and the |

signals are further compressed efficiently with use of bias

in the data profile. Thus, the data is reduced to a size

‘substantially equal to the entropy of the input signals.

Further, in the method and the apparatus for lossless
decoding, the compressed data are decoded in the reverse
sequence. Thus, the input signals of audio signals of a
wide-band multi-channel format can be reprod'uqed
completely witho.ut degradation. As a result, the method
and apparatus for lossless compression encoding or
decoding can be provided where complefe lossless
compression is realized and the amount of data to be
transmitted can be reduced to 60 % or less.

In the method and the apparatus of {ossless
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compression encoding, in the deletion of correlation, a

difference, or a predictive difference, between the data

‘predicted by a predictor or a predictive filter-and the ‘real

data is taken out. For example, the predictor or the
predictive filter comprises a circuit for integer calculation
having accuracy equal to a range of integers of the input
data.

Further, in the method gnd the apparatus of
lossless compression encoding, in the Huffman conversion,
the data after deleting the common redundant portion are
separated to an upper part having a predetermined number
of bits and a lower_ part of_ the ot.her bits, and_oh'l'y the uppef
part is subjected to the .Huffrﬁaﬁ conversién. In the method
and the apparatus of lossless compression decoding, in the
Huffman decoding, the input data are separated to an upper
part in correspondence to a given pattern of the Huffman
conversion and a lowe_r part having a predetermined number

of bits determined by the data transmitted as a parameter

for each block, and only the upper part. is subjected to the

Huffman decoding.

The apparatus of lossless compression encoding
comprises a plurality of sets of the above-mentioned
correlation deleter, common redundant bits deleter and
Huffm.an conversion device. Further a maximum efficiency

data output device is provided to select and output data



10

15

20

25

which provide maximum efficiency from the output data of
the plurality of the Huffman conversion devices. Itt out'puts
a comb-inatio-n' 6f the data  which provides the méximu'm~
efficiency and transmits a parameter indicative of the
combination.

In the method and the apparatus of lossless
compression and encoding or decoding, the most
advantageous is selected among a plurality of correlation
deletion characteristics.

In the apparatus of lossless compression
encoding, a plurality of correlation deleters are provided to
delete correlation. Output data of each of the correlation
deléters are subjected to the dele.tion .of. the common
redundant portion, and each data after the deletion of the
common redundant portion is subjected to the Huffman
conversion. Then, a combination having the maximum
efficiency is selected among the data subjected to the
Huff-man conversion, and a parameter indicative of the
combinétio_n is tra_nsmitted-.

In the method and the apparatus of lossless
compression encoding, the Huffman conversion is
performed by selecting and using one of conversion
algorithms which provides the maximum efficiency for the
block, and a parameter indicative of the algorithm is

transmitted.
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In the method and apparatus of Ilossless

compression data decoding, in the correlation decoding, a

" sum of a'predictive'data generated by the local predictor or

the local predictive filter and the transmitted inp.ut data is
taken out. The local predictor or the local predictive filter
comprises, for example, a circuit for integer calculation
operated at accuracy equal to that of a range of integers of
playback data.

In the method and the apparatus for lossless
compression decoding, in the Huffman decoding, a signal is
selected having a property determined by the data
trarismitted for each block.

' The apparatﬁs for Iéssless corﬁ.pressi'o.n decoding
further comprises an associate data detector which detects
an associate déta associated with the received coded data.
The Huffman decoder includes a plurality of Huffman tables,
and the associate data détector selects one of the Huffman
tables corresponding tlo the associate data.

In the method and the apparatus for lossless
compression decoding, sample data positioned at a

particular position in the top of each block are linear pulse

‘code modulation data. Thus, the speed to return from error

propagation can be increased, and reproduced sound of
special mode of cue/review can be heard with ease.

A recording apparatus may comprise ihe above-
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mentioned lossless compression encoding apparatus and a

DVD formatter which converts the signals received from the

lossless compreéssion enéoding apparatus to DVD format

signals, and the like.

A playback apparatus may comprise the above-
mentioned Jlossless compression decoder, a DVD de-
formatter which converts the signals to code data, and the
like.

An advantage of the method and apparatus for
lossless compression encoding and decoding according to
the present invention is that a large volume of data can be
'compresse'd.' without’ degradation thus for recording ‘and

play-backing more information throughout a longer time.

Brief Description of Drawings
Fig. 1 is a block diagram of a method and an
apparatus for lossless compression encoding and decoding
of data according to the present invention;
| Fig. -2 is a block d'i.ag.ram of a correlé-tio.n deleter;
Fig. 3 is a block diagram of a common redundant
bits (CRB) deleter; |
Fig. 4 is a block diagram of a Huffman
compressor and a maximum efficiency data output device;
Fig. 5 is a block diagram of a Huffman decoder, a

CRB decoder, and an associate data detector;
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Fig. 6 is a block diégram of a correlation
decoder; |
' -Fig.-.7 is a flowchart of an algorithm of lossless
compression encoding; and |
Fig. 8 is a block dia'gram of a record/playback

apparatus equipped with a lossless compression

. encoder/decoder.

Best Mode for Carrying Out the Invention

Embodiments of methods and apparatuses for
lossless corﬁpression encoding or decoding of data
according to the invention will _be described with reference
to the appendéd drawings; | -- N

A lossless compression encoding apparatus
according to the invention detects and normalizes
correlation of input signals with its correlation deleter,
deletes redundant portions in the signals with a common
redundant bits (CRB) deleter, and compresses the
remaining éighal_s through co'nver'sion with use of bias of

the data distribution of its Huffman compressor. A lossless

compression decoding apparatus according to the invention

decodes the compressed data in reverse sequence by a
Huffman decoder, a CRB decoder (a common redundant bits
adder), and a correlation decoder. As a result, the audio

signals of wide-band multi-channel mode can be transmitted,
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received and outputted without degradation. This allows
the input signals to be compressed to a size,substant.ially
equal to the entropy of thé si-g_nals'. '
Fig. 1 is a block diagram of the apparatuses for
lossless compression encoding and decoding of data
according to the invention. The lossless compression
encoding apparatus comprises a lossless compression
encoder 100 for lossless compression encoding and a DVD
formatter 200 which converts compressed signals to DVD
format signals to record the output Z thereof in a medium.
The lossless compression encoder 100 comprises a
correlation deleter 110, a common. reddn_dant bits (CRB)
deleter 120, a Huffman compres.sor.1_30, and a maxitttum
efficiency data outputting device 140, The lossless
compression encoder 100 outputs main data as output Y
and its associate data as output Ysub. The DVD formatter
200 transmits the output signal Z in the DVD format for
recording. The lossless compression decoding apparatus
co.mprts_es a DVD def.ormat_ter 400 -for'dedoding a.nd a
lossless compression deciding means 500 for getting the
DVD format signals from the playback signals. The DVD
deformatter 400 extracts the main data Y and the associate
data Ysub. The lossless compression decoder 500
comprises a Huffman decoder 530, a common redundant

bits (CRB) adder (or a CRB decoder) 520, a correlation
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decoder 510, and an associate data detector 540. The

associate data detector 540 distributes the parameter Ysub

. d@ssociated with the ‘main data Y to the other components.

Common redundancy bit is referrred to as CRB hereinafter..

The above-mentioned components of the
apparatus will now be explained in the order of the flow of
the signals. As shown in Fig. 1, the correlation deleter 110
receives input signals X. The input signals X carries data
in 96 kHz/24 bits/6 ch format. Though not shown in Fig. 1,
a blocking device 1100 is provided at an input stage for
group_ing a given number of input signals X in a
predétermined length of time i_nf.o blocks, each block havihg.-
2880 samples (refer to Fig. 2). The following steps are
carried out for each block.

The correlation deleter 110 normalizes intrinsic
properties of the input signals X , bias in the frequency
spectrum which occurs when two adjacent samples are high
correlated and/or other pfoperties. It is assumed that the
above-mentioned _cor'rellation . between 'sarr_\ples includes
correlation between channels. The properties to be
examined may include a frequency spectrum charac.terist'ic
and similarity of waveforms between channels. The
normalization of the properties is implemented by using a
frequency band filter and an inter-channel cross filter. For

simplicity, preferably the filter has a range of integers
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identical to that of the input signals.

Fig. 2 iillustrates the correlation deleter 110 in
detail. The correlation deleter 110 outputs first to -fifth.
order differential values as predictive differences. More
specifically, five circuits is provided to delete correlation.
Each circuit comprises a pair of a delay device 1121 to
1125 and a subtracter 1111 to 1115, and the five circuits
are connected one another as a predictor to have five
stages, where the output of the blocking device 1100 is
calculated to provide the first to fifth order differential

values DL1 to DL5 (predictive errors). A delay device may

be impliemented a's_pk'e'dictive filter. The output DLO of the

blocki.ng device 1100 is a zeroth order signal.

All of the differential values DL1 to DL5 all are
transmitted to the following step, and the highest in the
compressing efficiency is selected in order to delete the
correlation in the most optimum way. In the encoding, the
compression efficiency is calculated for all the
combinations.. While the encoding,and' decoding .is carr"ied
out at the accuracy of integer level, the reversibility of data
can be conserved by taking care of overflow. Accordingly,
the lossless compression can be ensured completely. At
the calculation at the accuracy of real number level, a re-
quantizer may be added for providing the similar advantage.

Thus, the correlation in the signals can successfully be
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deleted, while conserving the reversibility. As a result, the
'signal output of. the correlation deleter 110 has a spectrum
profile. where -the amp.litude‘ of wavef.o'rm is'-d.e'crea.sed
similarly to that of white noises.

The processing of zeroth-order differential signal
DLO is now explained. The signal DLO from which
correlation is deleted by the correlation deleter 110 is
transmitted to the common redundant bits deleter 120. Fig.
3 is a block diagram of the common redundant bits (CRB)
deleter 120. The common redundant bits deleter .120

detects redundancy of upper bits in each block or namely

run lengths in sample data where Os or 1s of upper bits.

exist corﬁinuousiy. Assuming that actual music signals in
the 96 kH'zlz4 bits/6 ch format has averagé run length of 10
bits, the run length LAO common to the samples is detected
by the common redundant run length detector 1220.
Meanwhile, the main data is delayed by a delay device 1230
to adjust timing for the processing of data in the block. _By
using the run length LAO detected by the common r'edundan.t-.
run length detector 1220, a common _redundant bits deleter
1240 deletes common redundant bits from the main data.
The original word length of 24 bits is reduced to 60 % on
the average. The compressed signals are then sent as
CRBO, while the common reduﬁdant run length LAQO is sent

as a parameter. The signals DL1 to DL5 are also



10

16

20

25

17

processed independently in the same way. The compressed
signals are sent to the Huffman compressor 130. The
above-mentioned processing fbr . run. length . may be
implemented, similarly to a known run-length encoding
technique.

Fig. 4 is a block diagram of the Huffman
compressor 130. In the Huffman compressor 130, the input
signals are separated by a separator 1300 into, for example,

an upper half BO of seven bits and a lower half CO of the

_remaining bits. This is carried out to make the Huffman

conversion faster and to simplify the algorithm therefor.

The upper half BO of seven bits is subjected to variable

length encoding by usihg eight different types of the

Huffman conversion tables. By using a property that the
histogram itself of the data is biased, a group of Huffman
compressors 13100 to 13107 assign code words of short
patterns to higher frequency data and code words of longer
patterns to lower frequency data and sends them as HOO.-
The remaining half of lower bits in the data is. not
processed and combined with each of HOO to HO7 by a

combining device 1320, which in turn sends a group of

- outputs HCOO0 to HCO7. The other compressed data CRB1

to CRBS are processed in the same way. Accordingly, 48
(8 x 6) types of compressed data are attained, from the first

group of HCOO to HCO7 to the sixth group of HC50 to HC57.
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These are sent to the maximum efficiency data output

devic_e.140. As described abov'e, an upper portion of bits in

the block after the correlation deleting is subjected to the

conversion of the Huffman compressor, while the lower
portion of the other bits is directly provided. This allows
th.e Huffman conversion process to be processed in a
predeter_min_ed or simplified way, thus decreasing the
number of branching processings, to contribute to the
speeding up of the operation.

| The maximum efficiency data output device 140
selects a combination of the samples at the maximum
effici_ency, or a combination of minimum sum in the_ bibck
and sends it és outpﬁt Y. S.imu'l.taneouslly, the pafameter of
the combination is sent as associate data Ysub. The
associate data may include the lower bit portion C,
correlation filter parameter DID, the common redundant run
length LA, and Huffman table identification parameter HID.
The DVD formatter 200 then converts the main and
aésqcia_te- data to a'-DVD. format signal to be outputted as
recording signal Z. The recording signal Z is transmitted
and recorded in a DVD medium. As the highest in the
efficiency is detected. in the correlation deletion
characteristics and selected, the compression efficiency
will be increased. Further, as any optimum parameter is

assigned for the correlation characteristic, the compression
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- will be carried out in a wider level.

The method and apparatus for decoding are now
explained. ~ The DVD de-formatter 400 receives the .

recording signal Z reproduced from a DVD medium and gets

~ the main data Y and its associate data Ysub from the signal

Z before sending them to the lossless compression decoder
500.

Fig. 5 is a block diagram of the Huffman decoder |
530, the common redundant bits adder 521 (equivalent to
the CRB decoder 520) and the associate data detector 540
in the lossless compression encoder 500. The main data Y

and its associate data Ysub are sent from the DVD de-

formatter 400 to the Huffman decoder 530 and the

associate data detector 540 respectively. The associate
data detector 540 gets the lower bits C, the common
redundant run length LA, the Huffman table identification
parameter HID and the like for decoding. The Huffman

decoder 530 upon receiving the Huffman table identification

‘parameter HID from the associate data detector 540 selects

one Huffman table 532 out of eight tables of different types
by mean§ of Huffman table selecter. The selected Huffman
table 5632 is used for the'decoding of a Huffman decoder
531. Because the input data has been subjected to variable
length encoding, the data is decoded sequentially from the

first bit, and a resultant decoded data is then combined
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directly with its corresponding remaining bit data CO. The
word length of CO is identical to a number of bits calculated
by'subtracting bits.of'the common redundant run length LA
and seven bits from the original length of 24 bits. As
described above,'the Huffman decoding and the addition of
the remaining bit data CO are carried out alternately. The
addition is conducted by a combining deviée 533 which then
sends the com'bined data CRB of the upper half of seven
bits and the lower half CO of the other bits. In other words,
the Huffman decoder 530 decodes the upper part of data
which corresponds to a desired conversion pattern while the
I,ower'p.'art containing a number of bits determined by the
data trans.mitted in vthe form of a p-aramet.e.r in each..block..
As the highest in the efficiency of_'the Huffman compression
properties is detected and selected, the 'comp'ression
efficiency will be increased. Further, such flexibility that
the best of the Huffman tables can be selected in a wide
range of amplitude from silence to the climax will be
provided. | | |

The CRB decoder 520 includes a 6ommon
redundant bits adder 521 which generates and adds
redundant bits to the CRB data by using the common
redundant run iength LA. A resultant sum data is sent as
DL by the CRB decoder 520. The data DL is then

transmitted to the correlation decoder 51_0.
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Fig. 6 is a block diagram of the correlation
decoder 510 where the correlation decoding is ca_rried out
by using. the .correlation filter param_ete'r DID received from
the associate data detector 540. The correlation decoding
is reverse of the operation of the correlation deleter 110.
The correlation decoder 510 provides a sum of the
predictive data produced by a local predictor or a local
predictive filter and the received data. While the
correlation deleter 110 generates a difference, the
correlation decoder 5610 handles a sum. The order number
is determined from the corfelation filter parameter DID, and
a selector 513 of correlétibn filter order number selects and -
outputs it; The outbut X of'the seledtor 513 is a pla'yback
signal in 96 kHz/24 bits format. The local predictor or the

‘focal predictive filter may perform integer calculation at

accuracy equal to that of the playback signals. Those
processings are explained above on channel 1, but the

similar procedure is repeated for the other channels. As a

_ result-, '_sigr_lals in the 96 kHzIZ4 bits/6 éh _for_m-at can be'-

reproduced.

As described above, the foregoing procedure is
performed for each block. The block extends in a time
length of about 15 ms. The top five samples in the block
are not converted but transmitted as linear PCM signals. In

that case, five samples are not subjected to the common
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redundant bits deletion and the Huffman conversion, so that

the advantage of the common redundant bits deletion

. cannot be canceled by the five samples. Because the

samples at the top of the block remain as linear PCM
signals, each block data are initialized, the accumulation of
érrors is reset, and the returning speed from error
propagation can be made faster. Accordingly, the error
propagation will be avoided, and the sound can correctly be
reproduced in specific playback operations such as
cue/review, and the playback sound can be heard with ease.

As described above, each operation is performed

- at’ the accuracy of integer level. Further, in case of

overflow or underflow, the combination 'with the ﬁarameter
is not used. Because the decoding is reverse of the
encoding, the entropy in the input signals can precisely_be
conserved, and more particularly, the lossless compression
encoding and decoding can successfully be made without
degradation. With use of Huffman conversion tables and
ihe like, the data of 96 kHz/24 bits/6 ch at source réte_ of
13.824 Mbps, for example, can be compressed at a ratio of
0.54. Then, the bit fate of compressed data is 7.465 Mbps.
The bit rate of 7.465 M'bps is far lower than 9.6 Mbps of the
maximum rate of the DVD format and is yet smaller than
8.47 Mbps required for allowing a playback tirﬁe of 74

minutes. As the target of the compression rate is set not
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greater than 60 %, it can be achieved by comfortable
margin of 10 %.

- The method can B.e utilized not only in the above- -
mentioned apparatus but also by implementing a software
program with a digital signal processor (DSP) fo-r
processing the data. The software program may be
transmitted over a communication network.

Fig. 7 is a flowchart of a procedure of a software

program for lossless compression encoding. The procedure

- starts with grouping the data of input signals to 2880 blocks

per channel (S10). Next, as to the signals in a block, data
at the top in the block is initialized (S12). 'T_hat is, X(n-1) =
0, and Y(n-1) = 0. Next, as to data in the n-th block, zeré:th
order output LO(n) is calculated in n-th block (S14).
Further, a first order differential value D1(n) and a second
order differential value D2(n) are calculated and outputted
(S16 and S18). In other words, D1(n) = DO(n)-DO(n), and
DZ(h)_ = D1(n) - D1(n). Then, n is incremented (S20). For
lossless compression ehcodin_g, the zero to second order
differential values DO(n), D1(n), and D2(n) are subjected to
the common run length shift-up (S24, $28, and S§32) and
the Huffman encoding (at $26, $30, and S$S34). An optimum
combination of the data is selected for ensuring the
maximum compressioh efficiency, and the selected signal

Y(n) is outputted (S36). This procedure is similar to the



10

15

20

25

24

lossiess compression encoding in the compression encoding

apparatus shown in Fig. 1. Next, an output sample and a

" format ID .in the DVD format are .generated.from the signal

Y(n) (at $38). The value of n is 1 at the start , and the
steps are repeated until n becomes 2880. When all the
data in the block have been processed and the processing
of all the blocks is not finished, the flow returns back to
step S12 (S22) for processing the data in a next block. A
software p.rogram for the Iossless. compression decoding is
similar, and its explanation is not repeated here. |

Fig. 8 is a block diagram of a record/playback

apparatus equipped ‘with the above-mentioned. Ioss'lc-;'ss

compression encoding and decoding abparatuseé. The
record/playback apparatus has a known structure, except
the lossless compression encoder and decoder 100 and 500.
An optical disk 10 is driven for rotation by a spindle motor
12. In the record/playback operation, an optical head 14
directs a laser beam to the optical Idisk or medium 10 for
recording data and for reproddcing the data as playback.
signals based on reflection of the laser beam from the
optical disk 10. In the playback mode, the playback signals
are converted to digital data by an RF signal circuit 16 and
sent to an error correction circui.t (ECC) in the DVD de-
formatter 400. The signals are then decoded by the above-

mentioned operation of the lossless compression decoder
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500. In the record mode, signals are encoded by the

lossless compression encoder/decoder 100 and sent via an

ECC ‘circuit in the DVD formatter 200 to the - RF signal

circuit 16 where they are converted to analog signals.

As set forth above, the method and apparatus for
lossless compression encoding according to the invention
detects correlation in the input signals with the correlation
deleter for normalization, deletes a signal redundancy with
the CRB deleter and compresses the remaining data of the
signals with the Huffman compression processing means by

using bias in the data profile. The method and apparatus

~.for lossless comp're'ss—ib_n' -debo'_di_ng according to the

inv'ention decodes the compressed data in reverée
sequence with the Huffman decoder, the CRB decoder, and
the correlation decoder so that the input signals of a wide-
band multi-channel format of audio data can be received
and played without degradation. As the data of the input
signal is compressed to a siie substantially equal to the
entropy of the input signal, the number of fnodes employed
for the DVD éudio format can be increased. Also, the
playback time of DVD audio data will significantly be
extended. Since a I'arge amount of data of the super-audio
technology are compressed to a desired size without
degradation, the data of a 96 kHz/24 bits/6 ch source

format can be stored in a DVD audio medium, allowing a
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higher quality and a longer playback‘ period.
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CLAIMS |
1; A method of lossless compression encoding
comprising the steps of: |

grouping a given number of input data samples in
a predetermined length of time to blocks;

deleting correlation between the samples in each
block;

determining redundant run lengths in the data
after subjected to the correlation deletion step;

detecting a minimum of the redundant run length

or a run length redundant portion common in the samples

" and ‘deleting the common redundant portion from each

sample;

subjecting the data subjected to the step for
deleting the common redundant portion to the Huffman
conversion; and

providing the run length data of the common
redundant portion and the Huffman-converted data for each
sample.
2. The method of lossless combression encoding
according to claim 1, wherein the step of deleting
correlation includes the step of getting a difference, or a
predictive difference, between the data predicted by a
predictor or a predictive filter and the real data.

3. The method of lossless compression encoding
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according to claim 2, wherein the predictor or the predictive
filter comprises a circuit for integer calculation having
éccuracy equal to a range of integeré of the input data.
4. The method of lossless compression encoding
according to one of claims 1 to 3, wherein the step of
Huffman conversion compr.ise.s the steps of:
separating the data deleting the common
redundant portion to an upper part having a predetermined
number of bits and a lower part of the other bits, and
subjecting only the upper part to the Huffman
conversion.
5. ' The method of lossless compression encoding -
aécbrding fo one of.-clhaims 1 to 3, wherein a plurality of
correlation deleters are used to delete correlation, and
output data. of each of the correlation deleters are
subjected to the deletion of the common redundant pqrtion,
each data after the deletion of the common redundant

portion is subjected to the Huffman conversion, a

- combination having. the maximum efficiency is selected

among the data subjected to the Huffman conversion, and a
parameter indicative of the combination is transmitted.

6. The method 6f lossless compression encoding
according to claim 1, wherein the Huffman conversion is
performed by selecting and using 6ne of conversion

algorithms which provides the maximum efficiency for the
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block, and a parameter indicati\)e of the algorithm is

~ transmitted.

7. " The method of lossless compression. encoding

according to one of claims 1 to 3, wherein the sample data
at a particular position in the top of a block are linear pulse
code modulation data, and the redundant run length is
determined at positions other than the particular position.
8. An apparatus for lossless compression encoding
comprising:

a framing device that groups a given number of
input data samples in a predetermined length of time to
blocks;

’ a correlatién- delete“r which c.l-el-etes 'correlation.
between the sampies in each block;

a common redundant Dbits deleter which
determines redundant run length in the data after the
correlation is deleted, detects a minimum of the redundant
run length or run length of common redundant portion in the
samples, and deletes the common redundant portion from
each sample; and |

a Huffman conversion device which subjects the

‘data after deleting the common redundant portion to the

Huffman conversion; |
whereby the run length data of the common

redundant portion and the Huffman-converted data in each
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sample are provided.
9. The apparatus for lossless compression encoding
according to claim 8, whe'rein' the correlation ‘deleter
outputs a difference or a predictive difference between the
predictive data generated by a predictor or a predictive
filter and the real data.

10. The apparatus for lossless compression encoding
according to claim 9, wherein the predictor or the predictive
filter comprises a circuit for integer calculation having.an
accuracy equal to that of a range of integers of the input
data.

11. "~ The éppafatus for Iqssless compress'ion' encoding
according to one.of claims; 8 to 10, Wheréin the”Huffman
conversion device separates the data after deleting the
common redundant portion by the common redundant bits
deleter to an upper part having a predetermined number of
bits and a lower part of the other bits and subjecting only
the upper part to the Huffman conversion.

12. The apparatus for Ioésl_ess_ com.pressioh- encpdir.ig_
according to claim 8, wherein the Huffman conversion
device selects one of conversion algorithms which provides
the maximum efficiency for the block, uses it for the
conversion and transmits a parameter indicative of the
algorithm.

13. The apparatus for lossless compression encoding
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according to one of claims 8 to 10, comprising a plurality of

sets of the correlation deleter, the common redundant_ bits

deleter and - the . H_uffm'an conversion devicé, - further

comprising a maximum efficiency data output device which
selects and outputs data which provide the maximum
efficiency from the output data of the plurality of the
Huffman conversion devices, the maximum efficiency data
output device outputs a combination of the data which
provides the ma'ximum' efficiency and transmits a parameter
indicative of the combination.

14. The apparatus for lossless compression encoding

'accdrd_ing to one of claims S_to 10, wherein the sample data

at the particular poéition at tHe top in each bloc;k are linear
pulse code modulation data, and the common redundant bits
deleter calculates the redundant run length in other
positions than the particular position.
15. A method of lossless compression decoding
comprising the steps of:

recei\}ihg c_ode data._compris'ing run Iength' data_of
a common redundant portion and data subjected to Huffman
conversion in each sample, the data having been obtained
by grouping a given number of input data samples in a
predetermined length of time into blocks, by deleting
correlation between the samples in each block, by

determining a redundant run length or a run length of a
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common redundant portion in the samples after the

correlation deletion, and by deleting the redundant run

_length from each sample;

getting a conversion algorithm from the input
data to use it for the Huffman decoding;

getting the run length data of the common
redundant portion and adding it to decoded data after the
Huffman decoding; and

performing correlation decoding on the data to
which the redundant portion is added.

16. The method of lossless compression decoding

‘according to ‘claim 15, wherein in the step of correlation

decoding, a sum of a predictive data generated by a local
predictor or a local predictive filter and the transmitted
input data is obtained.

17. The method of lossless compression decoding
according to claim 16, wherein the local predictor or the
local predictive filter comprises a circuit for integer
calculation operaieq at accuracy edu'al to that of a ra‘nge'of
integers of playback data.

18. The method of lossless compression decoding
according to claim 17, wherein in the step of Huffman
decoding, the input data are separated into an upper part in
correspondence to a given pattern of the Huffman

conversion and a lower part having a predetermined number
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of bits determined by the data transmitted as a parameter
for each block and only the upper part is subjected to the
Huffman de.coding.'

19. The method of lossless compression decoding
according to one of claims 15 to 17, wherein in the step of
correlation decoding, signals having a predetermined
chara_cteristic are selected according to the data
transmitted as a parameter for each block.

20. The method of lossless compression decoding

according to one of claims 15 to 17_, wherein in the step of

Huffman decoding, signals having the predetermined

characteristic are select_ed' according to data t'rans'mi.tt.ed as
a ﬁéfametér for each 'block. | |

21. The metho-d of lossless compression decoding
according to one of claims 15 to 17, wherein the sample
data at a particular position in the top of each block are
linear PCM data, and internal calc_:ulation for the correlation
decoding is initialized by using the linear PCM data.

22, An apparatus for lossless compréssion decoding
which receives code data comprising run length data of a
common redundant portion and data subjected to Huffman
conversion in each sample, the code data being obtained by
grouping a given number of input data samples in a
predetermined length of time into blocks, by deleting

correlation between the samples in each block, by
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determining redundant run length or run length of the

common Tredundant portion in the samples after the

‘correlation deletion, and by deleting. the redundant run

length from each sample, the apparatus comprising:

a Huffman decoder which gets a parameter
indicative of a conversion algorithm from the received data
and perform the Huffman decoding;

a common redundant bit deleter which gets the
run length data of the common redundant portion and adds
it to the decoded data which have been subjected to the
Huffman decoding; and

a correlatlon decoder WhICh performs correlatlon
decodmg on the data received from the common redundant
bit deleter.

23. The apparatus for lossless compression decoding
according to claim 22, wherein the correlation decoder
calculates a sum of a predictive data produced by a local
predictor or a local predictive filter and the received data.
24. - The apparatus for lossless compression decoding
according to claim 23, wherein the local predictor or the
local predictive filter is a circuit for integ_er' calculation
operated at accuracy equal to that of a range of integers of
the playback data. |

25. The apparatus for lossless compression decoding

according to claim 24, wherein the Huffman decoder which
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gets a parameter indicative of the conversion algorithm

from the received data separates the data 'to an 'u_pper part

corresponding. to a given pattern of the conversion and a-

lower parts having a number of bits determined by a
parameter in the data transmitted for each block, and only
the upper part is subjected to the Huffman decoding.

26. The apparatus for lossless compression decoding .
according to one of claims 22 to 24, wherein the Huffman
decoder selects a signal having a property determined by
the data transmitted for each block.

27. The apparatus for lossless compression decoding
accordmg to oné of clalms 22 to 24, further comprlsmg an
associate data detector which detects data assocnated wnth
the received coded data, wherein the Huffman decoder
includes a plurality of Huffman tables and the associate
data detector selects one of the Huffman tables
corresponding to the associate data._

28. The apparatus for lossless compression decoding
according to one of claims_ 22 to 24, wherein the Huffman
decoder selects a signal of the properties determined by
the data transmitted as a parameter for each block. |
29, The apparatus for lossless compression decoding
according to one of claims 22 to 24, wherein the sample
data positioned at a particular. position in the top of each

block are linear pulse code modulation data and the
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correlation decoder initializes internal operation for the
correlation decoding by using the linear pulse cod_e

modulation data.

30. A recording apparatus comprising:

a lossless compression encoder defined in one of
claims 8 to 14 which compresses input signals;

a DVD formatter which converts signals received
from the lossless compression encoder to DVD format
signals; | |

an RF circuit for converting the DVD format
sivgnals received from the DVD formatter to RF signals; and

an optlcal ‘head whlch records data of the RF
signals recelved from the RF circuit in an optlcal disk.

31. A playback apparatus comprising:

an optical head which reproduces data from an
optical disk; |

én RF circuit which converts the data received
from the optical head to digital input signals;

a DVD (_:Ie-format.te.r which converts the__signals
received from the RF circuit to code data; and

a lossless compression decoder defined in one of
claims 22 to 28 which decodes the code data received from

the DVD de-formatter.



