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PCT/ 1 B98/ 00017 Dat a corrpreSS| on/ expansion on a plurality of digital

i nformati on signals The invention relates to
a data conpr essi on apparatus for data conpressing at least a first and
a second di %g}p I nformati on signal, each of the at |east two di gt tal

I nformati on §HBEY conpri si ng subsequent sanpl es, the appR€HIRE/00017 '
conpri si ng: - means for receiving tihhe first and second di gital
information signal, 5 - signal conbination nmeans for conbining the first
and secondatd gonymessionfempansion ®n asplgrabity of digital information signalsi n a conposite

I nformati on signal, - data conpression neans for data conpressing the
conposite information signal so as to obtain a data conpressed
conposite information signal, - output means for supplying the data

conpressed conposite information signal, to a data 10 expansion apparatus
for data expanding a data conpressed conposite information signal

obtained fromat least a first and a second digital information signal, the
appar at us conpris for. receivi dat a

t S
conpr essed conposite |k€%¥‘ﬁﬁi‘\°ﬂﬁd§?§ﬁ ar‘rin?‘“om ressggtagpaé%%%gdgﬁ means for
dat a expargmpgsdifcatdaista fipstané 3 sewnd digialsinformativnadigimal, ieach off theal least two

digital information signals comprising subsequent samples, the apparatus comprising:
- means for receiving the first and second digital information signal,
5 - signal combination means for combining the first and second digital information signal so
as to obtain a composite information signal,
- data compression means for data compressing the composite information signal so as to
obtain a data compressed composite information signal,
- output means for supplying the data compressed composite information signal, to a data
10 expansion apparatus for data expanding a data compressed composite information signal
obtained from at least a first and a second digital information signal, the apparatus
comprising
- input means for receiving the data compressed composite information signal,
- data expansion means for data expanding the data compressed composite information signal
15 so as to obtain a data expanded composite information signal,
- retricval means for retrieving a replica of the first and second digital information signal
from the data expanded composite information signal,
- output means for supplying the replicas of at least the first and second digital information
signals, to a transmitter comprising the data compression apparatus, to a receiver comprising
20 the data expansion apparatus, to a method for data compression, to a method for data

expansion and to a record carrier.

Data compressing a sterec audio signal is well known in the art.
Reference is made in this respect to EP-A 402,973, document D1 in the list of related
25 documents. The document describes a subband coder, in which each of the left and right
hand signal components of the stereo audio signal is A/D converted with a specific sampling
frequency, such as 44.1 kHz, and the resulting samples in de form of eg. 24 bits wide words
of the audio signal, are supplied to a subband splitter filter. The subband splitter filter splits

the audio signal component into a plurality of relatively narrow band subband signals. Using-



15 so as to obtain a data expanded corrﬁosi te information si gnal , -
retrieval nmeans for retrieving a replica of the first and second digital

i nformati on signal fromthe data expanded conposite information
si gnal , - output neans for supplying the replicas of at |least the
first and second digital information signals, to a transmtter

conpri si ng WMRI8F238 conpressi on apparatus, to a receiver cRFRIBIYIEALY 20 t he
data expansion apparatus, to a nethod fof data conpression, to a method for
dat a expansion and to a record carrier. Dat a

conpr essi Rops ﬂch%t&&%ﬁc YLD aSh3RAH thieShol® isl dekiPQMEhdl Blodkh @f ﬁxﬁples of the R®bgigence
Is made in this respect to EP-A 402,973, _docunent D1 in the list of related

25  documsigrals arnwbsrguenily quantised with @specific pumbeg of biteper samplgfpreac Rlosk of t he

left and ik gt supband sipaRE, @ @%hse%@%@ﬂﬁ‘d&kéd tﬁf-esﬁd?& eutirR0in AUSE N @hOd® | S
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audi o s§ gRalwnréWife wpl théd cbﬂxﬁanemgpmdauam dxérfa?ﬁlaﬂcirlatlﬁarudxb%d%‘ Rhsgad

splitter filter splits I 0 signal conponent into a plurality of
rel ati vel Psﬁaﬁﬁﬁbweﬂm#dnéﬁh%and signal s. Using WO 98/ 32230
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The data compression described in document D1 is a rather intelligent
data compression method and requires a substantial number of gates or instructions, when
realized in hard or software respectively, so that it is expensive. Moreover, the subsequent

15 expansion apparatus also requires a substantial number of gates or instructions, when realized

in hardware or software respectively.

The invention aims at providing a data processing apparatus for data
compressing at least a first and a second digital information signal such that the information
20 signals can be data compressed in a more simple way, with a simpler data compressor, such
as a lossless coder. Further, the corresponding expander apparatus can also be more simple
and less expensive.
The data compression apparatus in accordance with the invention
comprises merging means for merging sampies of the first and second digital information
25 signal after each other into one datastream so as to obtain said composite information signal,
said data compression means having a control input for receiving a control signal, the data
compression means being adapted to data compress the composite information signal in
response to said control signal, control signal generation means being available, for
generating said control signal, said control signal generation means having an input for
30 receiving said composite information signal and being adapted to generate said control signal

in response to said composite information signal..

Preferred embodiments of the data compression apparatus, a

corresponding data expansion apparatus, a transmitter comprising the data compression



: 2
5 on 'throw ng away' those conponents in the audio signal that are
I naudi ble and is thus a | ossy conpression nethod.
In an intensity stereo node, a further data reduction can be obtai ned by
conbining, in the same subband, sanples of the subband signals of the left

and. ri ght hand signal conponents of the stereo audio signal, by adding
them so as WO BHRPn sanples of .a 10 conposite subband siRFFABMMMTCar r'yi rig
out a data conpression on the conposite gubband si gnal .

The data conpression described in docunent D1 is a rather intelligent

dat a conprapperat0s) M1REA0H RRPrisiAg el A ekpSidldftappirhad altldThRbrdCdartd]| &€ thY
|nstruct|on§, \MPen .realized in hard or software respectively, so that
it is expdhUess&f haWREHEMS:  he subsequent 15 expansion apparatus al so
requi res a substantial nunber of gates or instructions, when realized

I n hardware or softwar reggectively.

. . . The
i nvention ains at prov d,other: aspgsisRfhe inventiop yill be geparent fepa apd

conpr essi Rf:chthtel FavBiter vith referendd t Be SMGAAMerts discAbed iRl BRbWRIR figugnal such
that the infaornation 20 signals can be data conpressed in a nore sinple

way, Wit h d55CEpton. dp a conpressor, such as a | ossl ess coder.

Further, the corresponghig 1 KSR ALEMBUIRALR b e @B BhpresiiSn Bffafansy) P! €
and | ess expensive. The data” conpressi on appar at us

in accordance with thefigusgdshpwnanother embedimen: ©f thecdai ¢AMPTESSIOn apRAratMer gi ng
sanpl es of the first agd.sgGREVG g{og{et@nbémg{t?mquﬂélégﬁ%tgnaI after each

other into one datastream so as to obtain sard conpo formation
si gnal 10 sai d dat afigiserprsbews e date samplessiomapparatis of fighrej hisgerporated in

recei Vi g agedsithg tgfr{'paﬂtm rwb%gﬁ@&%ata comgx%?éél?%fiﬁc}s%’:@ si¥RAh Pibid adapt ed

to data conpress e conposite Informati oh signa response to said
control sKgm8T., control signal generation neans being available, for

generating said contr Ofgysd i L SJ %0@5' ans havi ng
an input for 30 recei \ﬁu?légggg‘%“éf g‘gr}‘%g%?{ﬂé&%?no%%g@l gnatfd).glnz{dmbei ng
adapt ed t &eRpaHssion appataiud ferimnsmitting tha alata compreissed composits signal Ward conposite

i nfor nBy | QlnliSAA medium Preferred enbodi ments of the
data conpression apparatus, a correspondi ng data expansi on appar at us,

a transmitter conpri sifigpre Gshaiest @ furthapemtxeiinent of the recording apparatus, further
provided with an error correction encoder and a channel encoder,
figure 7 shows an embodiment of a data expansion apparatus for data
expanding the data compressed composite signal into replicas of the original information
20 signals,
figure 8 shows another embodiment of the data expansion apparatus,
figure 9 shows another embodiment of the retrieval unit,
figure 10 shows the data expansion apparatus of figure 7 incorporated in a
reproducing apparatus for reproducing the data compressed composite signal from a record
25 carrier, and
figure 11 shows the data expansion apparatus of figure 7 incorporated in a
receiving apparatus for receiving the data compressed composite signal from a transmission
medium,
figure 12 shows a further embodiment of the reproducing apparatus,
30 further provided with a channel decoder and an error correction unit,

Figure 1 shows an embodiment of the data compression apparatus in .
accordance with the invention, comprising an input terminal 1 for receiving samples
Lo,L;,L,,... of a first digital information signal and an input terminal 2 for receiving
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apparatus, a receiver conprising the data expansion apparatus and a record
carrier, are the subj ect of the subcl ai ns.

These and ot her aspects of the invention will be apparent fromand 5 -

el uci dated ™WRPHEEIMi th reference to the enbodi ments descr PEEEBIRAIIHe
followi ng figure description, in which figure
1 shows an enbodi ment of the data conpressi on appar at us, .

figure 2 simples RyiLRer.. efrhestomd digitaifinfolmatida tsignalo ipthe psésemt eapppleathe Sirst

figure 3 sho .her .enbodi nent  of .t he i I:
figure 4 %‘Egﬁonﬁ E&Eeél g‘gfneflg%“(%rgr%r% e %f:isoanregbeggﬁgﬁ ‘{ijgg{l}% a#%%‘r‘aeljcgmp%%egtrspor ated in
a recor di regpeatiyedy of aistefeoraudiocignall Nng t he data conpressed conposite signal on

a record carrier . . . I qur a
conpressi on appar at us.TPﬁg}?PbF}P&'P@ldl fsrfogpled toa f’fsgﬁ‘g‘ﬁ’t\ :ggf%%{é%%d‘?rgfﬁgﬂieor
t ransnit tinmg tédminad 2tia cowpigal 1o asseconddnguo 9i df ehesingrgaig unitash. Anloutput nafiths si on
medi um

. L . figure shows fur.t her I .en f the

r ecor di ng ST UNt fsls CPUplpd, 9 an input lgr"(g\?i B FORPIFRISh mé'? ?%rw@gi?ﬁ%c |%’%P“gncoder
and a chaninsupled o de butput terminal 16. Further, a control sigfidl generatidn unitViS isavailabledi ment
of a datg expansion a at us for éj . expandi tflg dat ressed
composi 1 g mp ot o e euipyt € e megin iRl b and Hh oyt Sulef T

control signal input 19 of the data compression unit 12.

10 The apparatus of figure 1 functions in the following way. The samples of
the left and right hand signal components of the stereo audio signal are supplied to the
merging unit 6, which merges the samples in such a way into one composite datastream that

the samples in thg composite signal are arranged in the following sequence:

15 Lo.Ro,L,R;, Ly, Ry, Ly, ...

The composite signal thus obtained is supplied to the data compression
unit 12, which is preferably in the form of a lossless data compression encoder, such as a
Huffman type encoder or an arithmetic coder.

20 Lossless encoders have the advantage that they can data compress an
information signal in such a way that, after data expansion by a lossless decoder, the original
information signal can be reconstructed in a substantially lossless way. That means that there
is substantially no loss of information after compression-expansion. Lossless coders can be in
the form of a variable length coder. Variable length coders are well known in the art.

25 Examples of such variable length coders are (the already mentioned) Huffman coders,
arithmetic coders and Lempel-Ziv coders. Reference is made in this respect to the
publications ’A method for the construction of minimum-redundancy codes’ by D.A.
Huffman, document D2 in the list of related documents, ’An introduction to arithmetic
coding’ by G.G. Langdon, document D3 in the list of related documents, and A universal

30 algorithm for sequential data compression’ by J. Ziv et al, document D4 in the list of related
documents.

The data compression unit 12 carries out a data compression step on the
composite signal under the influence of the control signal supplied to its control input 19 and

generates in response thereto a data compressed composite signal at its output 14.



20 signal s, figure 8 shows anot her enbodi nent of

t he data expansi on appar at us, figure 9 shows

anot her enbodi nent of the retrieval unit, figure 10
shows the data expansion apparatus of figure 7 incorporated in a
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figure 1 with the compression ratio obtained with separately data compression the two digital

10 information signals, revealed that the apparatus of figure 1 had a 4 % better performance.
Data compression can be carried out on a blockwise basis. Blocks of a
plurality of the samples of the composite information signal can be data compressed by the
data compression unit 12. Such blocks can be obtained such that they comprise a sample (L;)
of the first information signal first, followed by a sample (R;) of the second information
15 signal. Blocks can be preceded by a sync word. This enables a subsequent splitting of the
composite signal into the separate information signals upon reception in a corresponding data
expansion apparatus.
Figure 2 shows another embodiment of the compression apparatus in
accordance with the invention. The compression apparatus of figure 2 shows a large
20 resemblance with the apparatus of figure 1. The apparatus of figure 2 comprises all the
.elements already discussed with reference to figure 1, and further comprises a prediction unit
20, coupled between the merging unit 6 and the data compression unit 12. The prediction
unit 20 comprise a predictor 22 and a signal combining unit 24, which is in the form of a
subtractor. The predictor generates a prediction of the signal applied to its input and supplies
25 the predicted version at its output. The signal combination unit 24 subtracts. the original
composite signal from the predicted version so as to obtain a residual signal, which is
supplied to the output 26 of the prediction unit 20.
Figure 2 shows in addition a further elaboration of the control signal
generator unit 18°, which comprises a series connection of the predictor 22 and a converter
30 unit 21. The converter unit 21 generates the statistical signal, used as the control signal for
the data compression unit 12, from the predictor output signal.
It should be noted here that the circuit construction of the predictor 22 and
the signal combination unit 24 in the prediction unit 20 can be different from the circuit

construction shown in figure 2. As an example, the predictor 22 could have been coupled in -



The input termnal 1 is coupled to a first input 3 of a merging unit 6. The
5 input termnal 2 is coupled to a second input 4 of the nmerging unit 6.
An out put 8 of the merging unit 6 is coupled to an input 10 of a data
conpression unit 12, which has an out put 14 coupl ed to an out put
termnal 16. "Further, a control signal generation unit 18 is avail abl e;

havi ng an i NYu$8/322%pl ed to the output 8 of the mergi ng uni PCHIBSROEN out put
coupled to a control signal input &9 of the data conpression unit 12.
10 The apparatus of figure 1 functions-in the
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|l oss of info nagyon af ter conpression-expansi on. Lossl ess coders can be in
t he fJPn18$m%a% lo%8i e 1 ength coder. Variable |ength coders are well known
in the art. 25 Exanples of such variable |l ength coders are (the already
ment i oned) Huffnman coders, arithnetjc _coders and Lenpel -Ziv coders.
Reference is made in this resﬁ@@pqm}m%k hl2%‘ ptiications 'A nethod for

t he construction of m ni mumredundancy codes' by D. A Huf f man,
docunent D2 in the list of related docunents, 'An intr clio

arithnetic codi ndth meyessaﬂgdw besp ggnrzied pRWE ‘ﬁ@af 2’5 9 rel ated

docungBt Serdgfidor ich BimeSherding 22, tvid Sipidsviileoameagpment i al data conpression’
by J. Ziv et al, docunent Dﬁ I'n the I'ist of related docunent s.

The data conpression digure 43hews a ergbodimeny of AFecORHRE,FRPATRIUS FORPERNG thet he
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control input 19 and
in figure 2. The recording apparatus further comprises a write unit 50 for writing data
compressed composite signal in a track on the record carrier 52. In the present example, the

20 record carrier 52 is a magnetic record carrier, so that the write unit 50 comprises at least one
magnetic head 54 for writing the data compressed composite signal in the record carrier 52.
The record carrier may however be an optical record carrier, such as a CD disk or a DVD
disk.

Figure 5 shows an embodiment of a transmitter for transmitting the data

25 compressed composite signal via a transmission medium TRM, comprising the data
compression apparatus as shown in figure 1, which again may include the prediction unit
shown in figure 2. The transmitter further comprises a transmission unit 60 for applying the
data compressed composite signal to the transmission medium TRM. The transmission unit
60 could comprise an antenna 62.

30 Transmission via a transmission medium, such as a radio frequency link
or a record carrier, generally requires an error correction encoding and a channel encoding
carried out on the data compressed composite signal to be transmitted. Figure 6 shows such
signal processing steps carried out on the data compressed composite signal for the recording

arrangement of figure 4. The recording arrangement of figure 6 therefore comprise an error -
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The control signal generator unit 18 generates the control signal in
response to the conposite signal present at the output 8 of the nerging
unit 6. I n (YR8B2230 sjtyati on where the conpression unit 1PCTEBIMOLhe form
of a Huffman encoder, the control signal at the input 19 is a _
statistical signal representing the probability of occurrence of 5
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unit 12 i@%ﬁi t he formof an arithnmetic coder, the control signal in
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occurrence of sanpl es Figuré Neh®@@Oshiodintdng 6fthe data expansion apparatus in A
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h
obt ai ned 'StRIAak 108 coYRisA OARIRPY &2 of 3 4iat3  Epansior it /4, which dips an, guipyt, 16

i nfor mat | Quipld a4 inplf 7 of 4 RlicVIPEhiP30. arne 3ebw itk 80 hhd S olthifts 82 &mNd
informati on” 15 signal. Bl ocks can be preceded by a sync word. This enabl es

a subd8quicoupied tor3 figst and sepend output gesmingk B ands$&yrespectivalys t he separate

information signals URRE Gh CRPNLIBA uhiP 748 haLs EGRRPRPLIB fRkéeiving 2 SHABNSI ON
apparat us., Figure 2 shows anot her enbodi nent of the

conpr essi $gnahpkhgrdata axpansion unit 74 is adapted to data expand the data compressed composite
information signal in response to a control signal supplied to said control signal input 73, so

as to obtain a data expanded composite information signal at its output 76. A control signal

15 generation unit 75 is present, having an input coupled to the output 76 and an output coupled
to the input 73 of the expansion unit 74.

The apparatus of figure 7 receives the data compressed composite signal
via its input 70, which is supplied to the input 72 of the data expansion unit 74. The data
expansion unit 74 carries out a data expansion step on the data compressed composite signal,

20 which data expansion step is the inverse of the data compressions step carried out by the data
compression unit 12 of figure 1. As a result, a replica of the original composite signal will
be generated and supplied to the output 76. The replica of the composite signal is supplied to
the retrieval unit 80. The retrieval unit 80 splits the datastream applied to its input into two
streams by supplying the odd numbered samples in the composite signal to the one output,

25 eg. the output 82, and the even numbered samples to the other output. As a result, replicas
of the left and right hand signal components of the stereo audio signal appear at the terminals
86 and 88 respectively.

The control signal generator 75 generates said control signal in response
to said data expanded composite information signal.

30 Figure 8 shows another embodiment of the expansion apparatus in
accordance with the invention. The expansion apparatus of figure 8 shows a large
resemblance with the apparatus of figure 7. The apparatus of figure 8 comprises all the
elements already discussed with reference to figure 7, and further comprises a prediction unit

90, coupled between the data expansion unit 74 and the retrieval unit 80 and a converter unit -



accordance with the invention. The conpression apparatus of figure 2 shows
a large 20 resenblance with the apparatus of figure 1. The apparatus of
figure 2 conprises all the el enents al ready discussed with reference
to figure 1, and further conprises a prediction unit 20, coupl ed

bet ween t he, | unit 6 and the data conpression unit 12, The redietion
unit 20 conprise a predictor 22 and a signal conbining uni PCOBBMNTh is in
the formof a subtractor. The predfctor generates a prediction of the
si gnal apﬂ;gﬁg to,.its |n2§t and suppljes 25 the predicted verS|on at its
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signal, which is .ied to the output 26 of the prediction unit 20.
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and a onve unit 21. The converter unit 21 generates the

statis aLF‘bﬁ%ﬂ" obialg, the yeplica of thsrfomppsits;signal, whigh is supplied, to tg ontput 96
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the signal” applied to t I npu ondi nation unit 24 from
~ A retrieval unit of again another embodiment of the data expansion

apparatus is show'n in figure 9. The retrieval unit 80 of figure 9 is capable of retrieving

15 three information signals from the replica of the composite signal. In the present example,
the three information signals are the left and right hand signal component of a stereo audio
signal and a corresponding centre signal.

Figure 10 shows the data expansion apparatus of figure 7 incorporated in
a reproduction apparatus. The reproducing apparatus further comprises a read unit 100 for

20 reading the data compressed composite signal from a track on the record carrier 52. In the
present example, the record carrier 52 is a magnetic record carrier, so that the read unit 100
comprises at least one magnetic head 102 for reading the data compressed composite signal
from the record carrier 52. The record carrier may however be an optical record carrier,
such as a CD disk or a DVD disk.

25 Figure 11 shows an embodiment of a receiver for receiving the data
compressed composite signal via a transmission medium TRM, comprising the data
expansion apparatus as shown in figure 7. The receiver further comprises a receiving unit
105 for receiving the data compressed composite signal from the transmission medium TRM.
The receiving unit 105 could comprise an antenna 107.

30 As has been explained above, transmission via a transmission medium,
such as a radio frequency link or a record carrier, generally requires an error correction
encoding and a channel encoding carried out on the residual signal to be transmitted, so that
a corresponding channel decoding and error correction can be carried out upon reception. |

Figure 12 shows the signal processing steps of channel decoding and error correction carried ..



the residual signal. 5 A nmerging unit of again
anot her enbodi nent of the data conpression apparatus is shown in
figure 3. The merging unit 6' of figure 3 is capable of nmerging three
information signal into a conposite signal. In the present exanple, the
three infor %é 230 signals are the left and right hand_si naI conpenent
of a stereo audi o signal and a - correspondi ng centre s?% e
sanpl es are nerged into one datastream 8f the conposite 10 si gnal as
fol | ows:

L[ err], RO PP BFFiYed sign) rorgiverrty, iy ding oiears 1 00rfpe peprempdicing

QG her Semg@ﬁe@@ﬂki@uﬂ%al‘oeﬁ@%r&ﬁ&ﬁ eﬂ‘x@ntvﬁ'ld ureSHE theRforé 'cf)lilﬁx'is%rht 15
orders, or eagtlme rging eg.. two S#&F es of ghe sane signa

Figure 4 i 47 (KROWR iMnthe @Rto AR HLETEGS FAFTREPS WinkiRi %lﬁmyelé he

dat a conpiReslif %@&P%@E%o@@ﬂ%ebﬁbafdf%g Gatel conffitbsél Wpdsi’ﬂ@h%ﬂ? t he

pr edi célon unit shown figure 2. The recordi ng apparatus further
conprises a wite uni Wlsbt%ﬁnwmlrag bgent described withgg et psfassdi t e si gnal
in a tracdmbpdicdh® theress, G i§ %6 bé Bhderstood!thatthiSe BfeSRE it A Wafpiet. hﬁmgo record
carrier 52 is a magnetlc record carrier, so that the wite unlt

conpr i sesvapuy @adificaijoas may bWW‘I’F@éEPSSAhH@? inihe aitnyithons departing
CO”presseﬂorﬁm%éﬁf tﬁb%ﬁndn?& nreﬁ’% GAMS! Phus>gs has been %a%ﬁr@ofﬁs
carrier may however be an optica reco carrier, such as a k™or a
DVD Ressible to combine more than two informatiorFsignalscin® agtmmsmmmmdpxmlanm of a
transapt Lttt dofipsdlibd | N9 the data 25 conpressed conposite signal via a
transm ssi on nmedi um conprising the data conpressi on apparatus as
shown in fi gure 1, whFuhheagthe invenyon kieslindzchtand eperg diovelifeatura wir icombinatighown
in figuresenile transnitter further conprises a transm ssion unit 60 for
appl yi ng the data conpressed conposite signal to the transm ssion

medi um TRM  The transm ssion unit 60 coul d conprise an antenna 62. 30
Transm ssion via a transm ssion nmedium such as a radio frequency |ink

or arecord carrier, generally requires an error correction encoding and a
channel encodi ng carried out on the data conpressed conposite signal
to be transmtted. Figure 6 shows such signal processing steps carried
out on the data conpressed conposite signal for the recording



arrangenment of figure 4. The recording arrangenent of figure 6 therefore
conprise an error WO 98/ 32230
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correction encoder 56, well known in the art, and a channel encoder 58,

al so wel | k"@@F& the art. i hows an
enbodi nent (r;\? Baoat a expansi on apparatus in accor darfgg/@ﬁ%& "he

i nvention, which |s capabl e of reconverﬂpng the data conpressed 5

corrposite grtja to Je |icas of the original left and right hand signal |
corrponent t“f'l%t Breo audi o si gnal . The apparatus has an i nput
termnal 70 for receiving the data conpressed conposite signal, as

suppl i ed t he data co ress on apparat us of figure 1. The input
term nal %1) s couﬁ’l 9@1@%@1? B of a data expansion unit 74, which

has an ouypgy 76 °A me@ﬂd%ﬁgxetcgnsﬁﬂcﬁdﬁmftmlzﬁnm—r@uﬁcﬁhé)’@dﬂ@é Hﬁﬁl@o The
retrieval unit 80 has two outputs 82 84, coupled to a first and

second dut put t er nFHEMapen Breg- Bﬁthﬁégﬁef{ﬂ \9f8119), September 1952. The
data expagpBpn uni tAq thlodsctidn 6O RithRkid S’ by d.6" Laf¥d6h VIBM Jar&ONt 1 Ol
signal . The data expansion unit 74 is adapted to data expand the data
conpr essed conposi P&velop., Vph{2§(2xaMprsh lgﬁ‘bnal in response to a control
signal supphj ed t 0°£@hHeSAMSdlhn i ‘Hata7c'3 r°e9sxon b Ja?\tg\tﬁbféﬁéﬂ' a
dat a expanded conposite information s a at outpug 7 control-
signal 15 gener at Fes.uon Infag. |T§IGWe¥eht1T-23alﬁ7ﬁg an input coupled to the

out put 76 and an out put coupl ed to the input 73 of the expansion unit
74. The apparatus of figure 7 receives the data
conpressed conposite signal via its input 70, which is supplied to the

i nput 72 of the data expansion unit 74. The data



expansion unit 74 carries out a data expansion step on the data conpressed
conposite signal, 20 which data expansion step is the inverse of the data
conpressions step carried out by the data conpression unit 12 of
figure 1. As-a result, a replica of the original conposite signal wll

be generate plled to the output 76. The replica of 33 05|te
signal is sgggpge Hfo the retrieval unit 80. The retrik §P&ﬁﬁ$

splits the datastreamapplied to its inpdt into two streans by

suppl yi ngéik&g&dd nunbered sanples in the conposite signal to the one

out put, 2 the output 82, and the even nunbered sanples to the other
output. As a result, replicas of the left and right hand signal
conponents of the stereo audio sjgnal appear at the termnals 86 and
88 respectively. The control signal generator 75
generates said control signal in response to said data expanded
conposite information signal. 30 Fi gure 8 shows

anot her enbodi nent of the expansion apparatus in accordance with the

i nvention.1. The expansi gniaNidaipadstion Bppatdtsioe dita THRMRssthel ANESt 2 first and a
resenbl ance w e _apparat us_of flggure 7. The apparatus_of figure 8
conpri ses S&P l‘jf'f-@’é""J informatiomsignal, eact abihe adle%%l%%ét&“% ipformationrsi to figure

7, and f UchiBAAOMHigER Amplegdhe by ;ﬁPatdérE np coupl ed between the
dat a expansi gn 1ﬁgr)ut é7q% and the retlsl ev ° Piﬂn%o and a converter unit -
WO 98/ 3223(means for receiving the first and second d1g1ta1 mformatmn signal,

PCT/ | Bo9g/ QQ%EZI combination mée?)ns forn%ombxmn%1 the ﬁr t and secogg di fn‘al mformatm sx%nalngﬂ ni ng

77. The prediction unit pre I ctor
unit 94, W#hiebtaig a compositerinforypatioprsignal, an adder The pr edl ct or 92 gener at es

a predi Ct i Qi QomphSsioh H3&s PRt @%rgssing%T cox%%ft ?drmq{}gn §¥x&g id the

pred| cted version at 1ts output. I on unl 85 t he
replica oP Meaé%t#gtpm‘pssp@gq’mite tdorpasiert sigml,gnal to the predicted version

of the COURGPL Means for supplying the data compressed composite information signal,

10 characterized in that the signal combination means comprises merging means for merging
samples of the first and second digital information signal after each other into one datastream
S0 as to obtain said composite information signal,
said data compression means having a control input for receiving a control signal, the data
compression means being adapted to data compress the composite information signal in

15 response to said control signal, control sighal generation means being available, for
generating said control signal, said control signal generation means having an input for
receiving said composite information signal and being adapted to generate said control signal
in response to said composite information signal.
2. A data compression apparatus as claimed in claim 1, wherein said control

20 signal is representative of a statistical parameter of the composite signal.
3. Apparatus as claimed in claim 1 or 2, for data compressing a number of n
digital information signals, where n > 2, characterized in that the signal combination means
are adapted to cyclically merge one sample of each of the n digital information signals after
each other into said composite information signal.

25 4. Apparatus as claimed in claim 1, 2 or 3, characterized in that the data
compression means comprise lossless compression means.
5. Apparatus as claimed in claim 4, characterized in that the data
compression means further comprise prediction means for carrying out a prediction step dn

the composite information signal so as to obtain a residu composne signal, the lossless




5 signal so as to obtain the replica of the conposite signal, which is
supplied to the output 96 of the prediction unit 90.

Figure 8 al so shows a further el aboration of the control signal generator
unit 75", which conprises a series connection of the predictor 92 and the
converter Uh&ggﬁz 30 The converter unit 77 generates the statistical
signal, used as the control signal for the data 10 expansi SFTIRI8008id  fyom
t he predictor output signal. 12 It should further be
noted that _the prediction unit 90 in the enbodi nent of -figure 8 could
have a ci regp SS§°6‘n'§F’r"ac?ﬂﬂs ﬁgaangedsfﬁcfw OHt § {0§3igss compression step on the Tesidu A
retrieval compdsitekigadgab s a bthiasaiddaaciomprdssed coipesi@ahPriation Riphan

apparat us . s shown inéi ure 9. The retrieval _unit 8Q" of figqure 9 is
capabl e of" retri eving W BSImEG Iimoh o6 P fvarastenzed in thas thedlgssless of t he
conposi t ecempession héunk RempPriRECHUFFAKRPE @acoder or dnhitirhétRQolidi Or mat i on

si gnal § age the left gpd ri_g%t hand si gnal, conponent of a stereo audio

si gnal “and’ a Correspog‘gtf’ﬁ%m rfp;g‘axgsp%aggdata compressed digital information sighahur e 10
shows t hevidai @ansmixsion inRsdivig) PAtieadin! heQtanthilies SonfprisBCHE R FbMPresdion apparaths
reproductlo& apparatus. The reproducing apparatus further conprises a read

unit 100 b Wé%m“ﬁgfﬁh@rmg@m,é&wsmme@nm@m meanmfer track
on the reggpiging &erdal comprestdl dofifposite inforhAfAMgna R The Gms%}gioh%&ﬁxﬂn.car rer

fi
52 is a rrggnetlc record carrier, so that the Tead unit conpri-ses

at | east Bne magneti c Fammitiayas clyimedaiadiaig %, twherin the drenymigesfatheronposi t e
e ™ ~OO b
o opt i bl ook REMin iy Reand e/ P i A€ol g, PP BV CT P

an optical record carrier, ] 25
Fi gure 11CUFGHRn encoding gad/eechanngl eacadingethy data tompressed campngite ndortmtion

conpr essegloeARPeSid i@k add S5 Q€ g&g'- . onprising the
dat a %xpgﬁsionﬁg%ara%gg&ggagﬁ%ﬁ%??ﬁﬁﬁtg&fe .w%lg ré%gileversrpﬁ?’ er
conpri sesMgdip@eej vi ng unit 105 for receiving the data conpressed
conposi tegsi gnal fromhe & | 8510 [ JRM. . . . The receiving unit
105 coul d conprise an %%Sgé\t%egqggi?ﬁ&@dg cfﬁ?rg 7'-{{}‘8, W%Ch 1s1n mer}gﬂ" %s been
expl ailfedreserding apparatys forsreiapding ithee data compsessesisiomposiedinformation signaliimha as a

radi o fregiug ' . Lier nerally, requires an,error
correction rm?ya .}eeh‘gggdl ngéh%(g&pg‘{sgﬁé%ﬁ%g '3??8?9) " §rq’?§ SPPEHeS he resi dual
si gnal t ocdspositerinorinatierdsigrad ot Iietrecord cardier.or r espondi ng channel decodi ng and

error cor daction can he ried out upon reception. Fi gure .12 shows
the si gna{ “processi ng%sg%%éxo S %Pr?ﬁ'@?usgglb% E’a’a&‘ﬂeﬁ 3 Ap3 compresed i on

carried composite information signal obtained from at least a first and a second digital information

20 signal, the apparatus comprising
- input means for receiving the data compressed composite information signal,
- data expansion means for data expanding the data compressed composite information signal
80 as to obtain a data expanded composite information signal,
- retrieval means for retrieving a replica of the first and second digital information signal
25 from the data expanded composite information signal,
- output means for supplying the replicas of at least the first and second digital information
signals,
characterized in that the retrieval means are adapted to retrieve individual samples from the
data expanded composite signal so as to obtain said replicas of the at least first and second
30 digital information signals,
said data expansion means having a control input for receiving a control signal, the data
expansion means being adapted to data expand the data compressed composite information
signal in response to said control signal so as to obtain said data expanded composite |

information signal, control signal generation means being available, for generating said

* C L M S *
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out on the received signal, received by the reading neans 100 for the
reproduci ng - arrangenment of figure 10. The reproduci ng arrangenent of
figure 12 the conprise a channel decoder 110, well known in-the
art, and anr‘gé?%gzgnorrect ion unit 112, also well knowk CRABEAMIA ¢~ so
as to obtain a replica of the data conpd&ssed conposite signal. 5

Wil st the invention has been described with reference to preferred

enbodi menCentah sizag; saif coptrol signalegepgratiansmenns havieg an inputefonrasciving shidrdataat | ve
exanpl es. elfddded composiY@infRHatusPHbda Exﬂﬂaé?ﬂksad?ﬁ)‘,d RPEARRARRPL i psé
skilled in [gyﬁe art povm t hout depa_%tall.ng_ “fromthe scope o‘?‘%ﬁe@ﬂlg’ent i on,
as def i nedeSBYnse @ saif datmexpanderds compositeainfosmationsugndl. above, it is possi bl e
to conmbinginore than tXQuia Q4R igﬁ‘fﬂ‘ el 4P c18inf RARAS ol | .in
order to 10 realize da’gaaco r-esgia . PR el P ciinf ’ é&%!rjtgﬁ@fo,l t he
i nvent ibn signdds represgathtivernf acsiatisijcah paraettrof the date expanddsi comtriosite signal. of

features. 13 Apparatus as claimed in claim 10 or 11, for data expanding a data

compressed composite information signal obtained from a number of n digital information
signals, where n > 2, characterized in that the retrieval means are adapted to cyclically
retrieve one sample of each of the n digital information signals after each other from said

10 data expanded composite information signal. |
13. Apparatus as claimed in claim 10, 11 or 12, characterized in that the data
expansion means comprise lossless expansion means.

14, . Apparatus as claimed in claim 13, characterized in that the data expansion
means further comprise prediction means for carrying out a prediction step on the signal

15 supplied by the lossless expansion means so as to obtain said data expanded composite
information signal.

15. Receiver for receiving a data compressed composite information signal
from a transmission medium, wherein the receiver comprises the data expansion apparatus as
claimed in anyone of the claims 10 to 14, the receiver further comprising means for

20 retrieving the data compressed composite information signal from the transmission medium.
16. Receiver as claimed in claim 15, wherein the receiver further comprises
channel decoding means and/or error correction means, for channel decoding and/or error
correcting the data compressed composite information signal prior to data expanding the data
compressed composite information signal.

25 17 Receiver as claimed in claim 15 or 16, which is in the form of a
reproducing apparatus for reproducing the data compressed composite information signal
from a track on a record carrier, comprising reading means for reading the data compressed
composite information signal from the record carrier.

18. A method of data compressing at least a first and a second digital

30 information signal, each of the at least two digital information signals comprising subsequent
samples, the method comprising the steps of:

- receiving a composite information signal having samples of the first and second digital
information signal merged after each other into one datastream, |
- generating a control signal from said composite information signal,

* C L M S *
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rel at ed docunents (D1) EP- A 402,973 (PHN 13. 241) (D2)

"A nethod for the construction of m ni numredundancy codes',

by D.A 5

on

:-HI ]; (r)rglrjlc!t Po%(?&mgot ngt : (?Ecoglc)lng 4851%) G Sﬁgﬁgggﬁr Ilgﬁ/lz\] Pﬁyggg)‘m” |
Devel op., Vol. 28(2), March 1984. (D4 A universal algorithmfor
sequential data conpression' by J. Ziv et al, |IEEE Tr ans.
Inform THE® SPmpgessing |the ganpositeyipformation signal i in response tomdg@pgqlmal SO as
PCT/ | B98/9Qf3thin a data compressed composite information signal, 11
CLAING - supplying the data compressed composite information signal,
19. The method of claim 18, characterized in that the receiving step comprises
5 the substeps of |
- receiving the first and second digital information signal,
- merging the samples of the first and second digital information signal after each other into
one datastream so0 as to obtain said composite information signal.
20. A method of data expanding a data compressed composite information
10  signal obtained from at least a first and a second digital information signal, the method
comprising the steps of:
- receiving the data compressed composite information signal,
- data expanding the data compressed composite information signal in response to a control
signal so as to obtain a data expanded composite information signal, the data expanded
15 composite information signal comprising samples of the first and second digital information
signal merged after each other into one datastream, and
- generating said control signal from said data expanded composite information signal.
21. The method of claim 20, further characterized by the steps of
- retrieving individual samples from the data expanded composite signal so as to obtain
20 replicas of the at least first and second digital information signals,

- supplying the replicas of at least the first and second digital information signals.
22. Record carrier obtained with the transmitter as claimed in claim 9,

comprising the data compressed composite signal recorded in a track on said record carrier.

|||||II| Illlll |||l| ||I|| Il |III



1. A data conpressi on apparatus for data conpressing at

|l east a first and a second digital information signal, each of the at
| east two digital information signals conpri si ng subsequent sanpl es,
t he apparatus conpri sing: - means for receiving the first and second
di gi.tal i nfovens/323 si gnal , 5 - signal conbination nmeangciranssmesibi ni-ng
the first and second digital information signal so as to obtain a
conposite information signal, - data conpression neans for data
conpressing the conposite information f'gnal so as to ‘obtain a data
conpressed conposite information si gnal[ - out put nmeans for supplying
the data conpressed conposite information signal, 10 characterized in that
t he signal conbinati on nmeans conprises nergi ng nmeans for nerging

sanples of the first and se%ond digital information signal after each other
into one datastream sg as to obtain said conposite information signal,
sai d data corrpreisiLon_ an avijng a control input for, receiving a control
signal, the datg-0-1"* ¢onpressi dn neans bei ng adapt 1% o data cofffress the
conposite infor i ~n |15 nse t i gnial ,

com)r ol signal fpenera o%@ﬁs bpin'gg’gg'gﬂ'l"éhl , DAT&r COMPRESSIM e ar) g said
control signal, said &¢ntridT si dhal [generati onffmeans Wi ng an\i nput for
receiving said e i nfornd{i o signal a T tlo generate
said control si R@,R oo in resﬁqpse- to said gpnpositefinfornmagion signal.
2. ,L\ dinclaimi1i,
wherein said control statisti cal
paranmeter of the conpdsite signal. — { Appar at us as
claimed in claiml1 or 2, for data cogpressjng a nnger of n digital
information signals, where n [err] Zﬁt@ar‘iacterize in that the signal
conbi nati on neans are adapted to cy(':l Ically nerge one sanple of each
of the n digital information signals af_tfm each other into said
conposite information sigpal— 25 _4__ ___ _ _ _ _ __ — Apparatus as clai ned
inclaiml, 2 or 3, Echaraci:t er i ZBADICTION WA t he data contt essi on neans
conprise | ossl ess cdrrpres§ OfT TTeans: 5. 24 Appar at us as

/
clained in clLai fh 4, *chala é‘ri‘z.e—?’ﬁ’f'm he& a : Cﬁg@res;ﬂ@n means
further conpfis¢ NERENGCT i gwl Carryi nﬂ q/pr ed’cYi on]sjep on
II'
|

ISSi @n pPa at-tre—as—r| a
i s repfesentative o

0

si gnal

the conposite inf ti 3L .0 (OHIOMBINING TE%COMPRESSIONET si gnal ,
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conpressi on neans being adapted to carry out a | ossl ess conpression step on
the residu conposite signal so as to obtain said data conpressed
conposi te i TWompsaLs®mn si gnal . 6. Appargdtisesafeoe! ai-ned
in claim4 or 5 characterized in that the | ossless conpr essi on neans
conprise a Huf frman type encoder or an arithnetic coder. 5 7.

Transmitter for transmitting a data co ;ssed digital information signa
via a transm ssion nedium wherein theigr nsmtter conprises the data

conpr essi on appar at us as claimed in anyone of the preceding clains,
the transmtter further conprising nmeans for appl ying the data
conpressed conposite information signal to the transm ssion medi um

8. Transmtter as clainmed in cIa|n17 wherein the
transmtter further 10 conprises error correctloﬁ encodi ng nmeans and/ or
channel encodi ng neans, for error corg.ec - and/ or channe
encodi ng the data conpr site inf i ijgnal prior to
appl ying the data conpressed conp05|te i nfor to the

transm ssi on ansi-+tfed2 as clainmed in
claim7 or 8, whi n tﬁ% f or n§ of a?&S r ec g apparjatus for
recording the datg co ssed conposi t ey nforfmation signall in a track
on a record carrier, conprising witing nmeansf_for witing]the data

conpr essed conposite information signal on the record carrier.

10. A data expansion a tup for data expanding a data
conpressed conposite infornatioﬁF?[; &f obtained fromat |least a first

and a second digital information 20 signal, the apparatus conprising

- input neans for receiving the data conpressed conposite information

si gnal , - data expansi on neans for data expanding the data conpressed
conposite information signa

60~F
| TRM

ﬁf—— FIG.1 ? K—GZ

54

56 58 50~

\ }
CHANNEL -52
g— e ERCO e E/

FIG. 6



so as to obtain a data expanded conposite information signal, -
retrieval nmeans for retrieving a replica of the first and second digital
information signal 25 fromthe data expanded conposite information signal
- output means for supplying the replicas of at least the first and second

di gi.tal i nfoworssxse si gnal s, characterized in thglcrih&o@l’ i eva
neans are adapted to retrieve individual sanples fromthe dat a
expanded conposite signal so as to obtain said replicas of the at |east
first and second 30 digital informati si gnal s, sai d data expansion
nmeans having a control input for receﬂi? a control signal, the data
expansi on neans being adapted to data expand the data conpressed conposite
i nformation signal in response to said control signal so as to obtain
sai d data expanded conposite information signal, control signa
generation nmeans being avail able, for generating said WO
98/ 32230 _ 80 82

PCT/ 1 B98/ 00017 ) 13
control signal, means hayi ng an i nput for
receiving said i\ RETRIBML o 8thd being
adapted to generate § Uﬁﬁpon>e to said data
expanded conposy

C 1. ata
expansi on appa s?fw clai fdd in cléﬁn110 whe+e+—se=d) control 5 signa
IS representatlve of a stayiptfcal par&nater of the data expanded conposite

si gnal . 12. 75— Appar afus as clainmed in8&l aim10 or 11, for
data expandi ng a data § npressed conposite information signa
obt ai ned from a nunber of n dlgltal EWKB t|on signals, where n
[err] 2, characterized in that the r nmeans are adapted to
cyclically
7/ S -
72 ) | 80 82
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retrieve one sanple of each of the n digital i nformation signals after each

other fromsaid 10 data expanded conposite information signal. 13.
Apparatus as clained in claim10, 11 or 12, characterized in that the data
expansi on neans conpri se | ossl ess expansi on neans. 14.

Appar at us aswologisaz®el i n claim 13, characterized in that thedgas ngﬁﬁpan5|on
means further conprise prediction means for carrying out a prediction step

on the signal 15 supplied by the | ossl ess expansi on nmeans so as to obtain
sai d data expanded conposite i nformation signal. 15.

Receiver for receiving a data conpressdg? onposite information signa
froma transm ssion nedium wherein the“receiver conprises the data
expansi on apparat us as clainmed in anyone of the clains 10 to 14, the
receiver further conprising neans for 20 retrieving the data conpressed
conposite information signal fromthe transm ssion nmedi um 16.

Recei ver as clai med igp—e+aim-to—~vherein the receiver further conprises
channel decodi ng nearns and/or errdqr correcti gR-sBaRrs—&qr channel decodi ng
and/ or error corlre he data conpredsed conposijte information
signal prior to dapa- ndi t hg conpfiggsed ite
information signal. 235 7. fRecei ver asjclained in claim15
or 16, which is in the formg&f a Joeproducing appargtus gor reproduci ng
the data conpressed onD05|te jnfdrmation signal froma track on a
record carrier, CONgy i ng rﬁ?dlng means for reading the data conpressed
conposite |nfornat|on signal "Tromthe record carrier. 18.

A nmet hod of data conpressing at IeasteEI \rﬁojand a second digital 30
d

i nformation signal, each of the at igital information signals

conpri si ng subsequent sanpl es, conprising the steps of:
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(57) Abstract

A data compression apparatus is proposed for data compressing at least a first and a second digital information ssgnal (Lo, Ly, L2,...,
Ro, Ry, R2,...), each of the at least two digital information signals comprising subsequent samples. The apparatus comprises an input (1,
2) for receiving the first and second digital information signal, a mesging unit (6) for merging the samples of the first and second digital
information signal after cach other into one datastream so as to obtain a composite information signal (L, R, L1, Ri, L2, Ra,.. .)- Further, a
data compression unit (12) is available for data compressing the composite information signal so as to obtain a data compressed composite
information signal and an output (16) is present for supplying the data compressed composite information signal.




