1 4 Feb 2004 Transmission of a digital information signal having M bit PCM samples The invention
relates to a transmitter for transmitting a digital information signal having M bit PCM samples, to a
receiver- for receiving a transmission signal carrying a digital information signal from a transmission
medium and generating a Q bit PCM signal therefroml said Q bit PCM signal being adr€pbeX@atation
of said digital information, signal, to 5 a record_carrier o_btainzﬁl with the trgnsmitter, when in the form of

an apparatU@TMRLerdhg disithintRsmaiies rewdaseM e ssion method.

Transmitters and receivers defined above are known e.g. from USP 5,479,168. 10 Said document
describes a method for signal encoding, transmitting and decoding to provide an improved
reproduction of the digital information signal having M bit samples with an receiver having said
decoding method, while remaining compatible with industry standardized signal receivers not
incorporating the decoding features of the invention. The transmitter analyses and encodes the digital
information signal so as to obtain a modified 15 version of the digital information signal and control
codes for transmission Vi ikansionssiaresmedivims hhe coitialsadempave gt iatiomsipvith

characteristics of the digjtal information signal and the operations performed for encoding the digital
formaton S AT oo EpHSGPATS TRBAD €5t A T RE ORGSR S e
reconstruciidiydilthef@heracterighgsiaiine ieigsial dniarmatiamsigidate 2 ating Qe T ™Mnsigadlproviding
transmitters and receiver havi other and less complicated method.of transmitting and receiving a
digital nfol KRR S Al L DB S R TGt S ARG SIGP AP AT Lot
with ifdustrysiaddardizesb2bnsi@ natipiay haakmipparatusemnbt focor poratipikeretaiviegrdiaghod of
the inventior%, said. digital inforawation si&n tI hayin a.higher %ali y than the signal reproduced by said
industry STAREERIT8 %I%)r/%cé)é %1%61%3 0S8 RUTRRERtEF IR ccordance with the invention

comprises - input means for receiving the M bit PCM signal; 2 4 Feb 2004 - splitting means for
splitting the M bit PCM signal in a representation of the digital information signal having P bit PCM
samples and a difference signal being the difference between the M bit PCM signal and the P bit PCM
signal, in which M > P; Transmitters and receivers defined above are known e.g. from USP 5,479,168.

10 Said document describes a method for signal encoding, transmitting and decoding to provide
an improved reproduction of the digital information signal having M bit samples with an
receiver having said decoding method, while remaining compatible with industry
standardized signal receivers not incorporating the decoding features of the invention. The
transmitter analyses and encodes the digital information signal so as to obtain a modified

15  wversion of the digital information signal and control codes for transmission via a transmission
medium. The control codes have a relationship with characteristics of the digital information
signal and the operations performed for encoding the digital information signal. The control
codes are used for controlling the decoding operations and reconstruction of the
characteristics of the digital information signal.

20

The invention aims at providing transmitters and receiver having another and
less complicated method of transmitting and receiving a digital information signal having M
bit PCM samples, while the transmitted signal remains compatible with industry standardized
25  signal playback apparatuses not incorporating the receiving method of the invention, said
digital information signal having a higher quality than the signal reproduced by said industry
standardized playback apparatuses.
The transmitter in accordance with the invention comprises

- input means for receiving the M bit PCM signal;



- first signal combination means for combining the P bit PCM signal and the difference signal 5 so as
to obtain a transmission signal for transmission via the transmission medium. The receiver in
accordance with the invention comprises - retrieval means for retrieving the transmission signal from
the transmission medium, - demultiplex means for derving a P bit PCM representation Béti#)oHgital
information si%nal and a difference si%gal from the transmission signal, 10 - signal combination means

for combiritg HEBSBRBTION SRIFHP&ReNG Wit SEurah P EPESRIHIARIA 4 BHIBEM signal,
whereby Qrfdrmitienisieiatiaais dassd rONhefoiewind redoaniios sidhel thangmiitaifferageordance
with the inyention splits the digital information signal having M bit PCM samples into a representation
of the digit%ffﬁw&nﬁaﬂ%ﬁ%ﬁfg%ﬁ%a\ﬁﬂa Bl IEhM S50 R 18 Gi&tente signal. The
representationrtafi fhel digiislnafimatan signahdsiditeigdiffererpeNsignadlaneichedifediocatam the
transmission si nalDtO, be transmitted. The transmission, si%‘nal IS transmitted via the transmission

|

mediutn. I8 HrEENAL &HBTAMTEI oY 878! AR EARBIIRE NS MBIRAREH Means are adapted

to obtain a transmissionT3ignedctoen piistegrdandebitifAEN sigaaidesognpraRyversion of the P bit PCM
signal, whereby N > P. Aé] advantaéggg%said emb.odimeni ifﬁtha the thus obtained.transmission

signal can B8 FEYAVEEER AP rSEARY PRSP AR YL AP dRs EHRABRSBR FEEEI Y and
processing dachaiperktingaan MNrkitmahd sipmal PUM tigie eapatity sTekéd dibtalcaifHtheiciftepaace

signal is generally relatively small. Data compression may even be carried out on this difference
signal so e@&oaff%{%?% E%B??ﬁoﬁﬁ%e%aéﬁg%sﬁlgﬁs city. Therefore, the transmitter is preferably
p_roviﬂed wit;hlgdataoﬁﬂjﬁmﬁﬁsiﬁgaﬁmnsmtaﬁiﬁg d&:Pe@istP(ﬂM @i@t&hﬁpﬁﬂiéydmﬁatéﬁdet@i_gmrydhe
removing, TYUIGUHN 4 1 MEREg 1 e S, The Spiing may be done by splting
the M bjt PCM gamples Dli¢hevdigital igedmmaﬁemmwmgm&gmm.ﬁwﬁmmm as to obtain
b RS B e R R e R A R B e,
which mighitde dptascornpre ssebe igithIReto204on signal having P bit PCM samples and a
15  difference signal. The representation of the digital information signal and the difference
signal are combined to obtain the transmission signal to be transmitted. The transmission
signal is transmitted via the transmission medium.
In a preferred embodiment of the transmitter, the first signal combination
means are adapted to obtain a transmission signal comprising an N bit PCM signal being a
20  version of the P bit PCM signal, whereby N > P. An advantage of said embodiment is that the
thus obtained transmission signal can be received and processed by prior art receivers that are
capable of receiving and processing and outputting an N bit PCM signal.
The data capacity needed to carry the difference signal is generally relatively
small. Data compression may even be carried out on this difference signal so as to further
25  decrease the needed data capacity. Therefore, the transmitter is preferably provided with data
compressing means so as to decrease the data capacity needed to carry the difference signal.
The data compressing means comprises preferably a psycho-acoustic encoder, removing
irrelevancy and redundancy in the difference signal.
The splitting may be done by splitting the M bit PCM samples of the digital
30 information signal into P most significant bits so as to obtain the P bit PCM signal, and M-P
least significant bits so as to obtain the difference signal. In the case that P <N, the N - P
least significant bits may be used to store at least a part of the difference signal, which might

be data compressed.



Buried data techniques may be used to determine a buried data channel in the P bit PCM signal for
carrying at least a part of the difference signal. By using buried data techniques the perceived S/N
ratio of the transmitted N bit PCM signal is approximately the same as the S/N ratio of the P bit PCM
signal. Receivers in accordance with the invention are3capable of retrieving the two sighed 2004
components transmitted and regenerate a reproduction of the M hit PCM digital information therefrom.

These and other objectFERHOISRHEHANAP BEROMT& SR SHEFBIRC A% SRfRi GRABRSURIES with
reference wiheembpginavis seshidaddastheielloMngdigurendassipti®y insiwbishrfiguagid shows a

first embodiment of the transmitter, figure 2 shows a first empodiment. of the receiver, figure 3 shows a
prior art reCSRUAYSH f Eé’ﬁﬁ?ﬁvtﬁt&#@r{?ﬂﬁs '61PF§f§H%li%@%&%@&?&?éﬁ@ﬁ%ﬂ&%‘%ﬁﬁ?e 1,
figure 4 shoitve asfiiss sSbadingnhePaaUMgineans of the transmitter, figure 5 shows a third

embodiment of the signal combination unit in the transmitter of figure 1, figure 6 shows a third
em bogiment of the dem%ﬁﬁ?l‘é’frﬁ At ?ﬁ%?fgi%%%%? ﬁ%?@ﬁ?%n?#g?ﬂ%g?lgﬂz\%réﬁ&ﬁt EMiSodiment

of the signéikaantbinpbinehtsitaimsthietett angruplercai gl do digtios 8 BSinews bifeath égibadiment of the
demultiple%%:qnit in.the receiver of figure 2 25 figure 9 shows a transmitter in the form of a recording

apparatus HREAHEPELES LMW a receiver in the form of a reproducing apparatus, figure 11 shows

another embod?ment of a trans_mitt_er in the form of a recording_apparatus, and figure 12 shows
ambodiment of he rand HGAHTASEACHTRES H ERTINEE Tk B PRE A
infornatiorlsigdatauhtias adigttdt @udiosigpanhisading dvts litsdricdd sampledlonhhig digital information
could hav%g)s%(rairﬁt?cp&e%riln% 1?1){ supplying an analog
figure 1 shows a first embodiment of the transmitter,
figure 2 shows a first embodiment of the receiver,
figure 3 shows a prior art receiver for receiving the transmission signal
15  generated by the transmitter of figure 1,
figure 4 shows a first embodiment of a splitting means of the transmitter,
figure 5 shows a third embodiment of the signal combination unit in the
transmitter of figure 1,
figure 6 shows a third embodiment of the demultiplex unit in the receiver of
20  figure 2
figure 7 shows a fourth embodiment of the signal combination unit in the
transmitter of figure 1,
figure 8 shows a fourth embodiment of the demultiplex unit in the receiver of
figure 2
25 figure 9 shows a transmitter in the form of a recording apparatus, and
figure 10 shows a receiver in the form of a reproducing apparatus,
figure 11 shows another embodiment of a transmitter in the form of a
recording apparatus, and
figure 12 shows another embodiment of a receiver in the form of a

30  reproducing apparatus.

Figure 1 shows an embodiment of the transmitter. The transmitter has an input
terminal 1 for receiving a digital information signal such as a digital audio signal having M

bits PCM samples. This digital information could have been obtained by supplying an analog



4 4 Feb 2004 version of the digital information signal to an input 2 of an A/D converter 4. The A/D
converter 4 samples the signal applied to its input 2 and supplies the digitized M bit samples to the
input terminal 1 of the transmitter. The input terminal 1 is coupled to an input 6 of a splitting unit 8.
The splitting unit is adapted to split the M bit PCM sigrial applied to its input 5 into a P4diteB C0W4ignal
being a repres,entaéion of the digital information signal haying M bit PCM sam Iez;%]whereby P<M,

and a diffefEGG A, Aieh HVEHEIh BB AN P bPA KNG thEW SRBCM! Symabrom the M bit
PCM sign?bapalieﬂ4t@dﬁsﬁm@wm&sﬂghﬁ prﬁg&)fél\ﬂﬂﬁﬁt&' aﬁﬁﬁtbﬁi)gﬁ&fﬂi&(‘(ﬁgﬁi@iw M@iswﬁli@f% to,
respectively, a first output 10 an second outpyt 12 of the splitting unit 8. 10 As an example, M
could be c??o@k?d‘&’d’ﬁé?%lﬁﬂ? &arﬂ? @%Hﬁ‘éfr%tﬁ‘?é; %%%H&%%@%B? SdRENB eﬂ&ﬂl@ﬁ&%{b?&? th the form
of an induspitstangacd zetesighatQmmi i dipedascsHD tAMOBIPRCIL K theappliféid e uRitfhig coupled
to a first input 14 of ta .compressing unit 16. The data compressing unit is optional and not
neceslary 5 e Gt %?ﬁl%@aét%eewaggma?@hﬁ &hﬁ%ﬂ@é %@&ﬂ#&%k&&%@ teceived
at it first impENseaplis obhairiy Pataneompredsictditfepnes, Signal laaebsuppliedteditsyoutput 18. The
output 10 of the splitti it 8 is coupled.to a first inp of the signal , combjnatio it 24. The
output 18 OF MBI Lo DHEL S SRR COE NG S St SRPUTE O A6 YnAREdntination
unit 24. TheCsi sighnad amdi tiadiortarth ddsarbiresuiiigi 20 tsigegis shippliediaisuipouti 22dad 26 into at
least one serial data strrﬁm t\ﬁ/hris:i]g.is suitaple for transmission via a transmission medium TRM. This
signal-con?ﬁﬁﬁm %Lfgjﬁ“i h%f SIHE N Uit 24 may include a channel-encoding step, well known in

the ard The data compressinguiiiplé, Mayochhbpridesestaudbre 2rithihBtigercoder, sstich as a
Huffinann encoder, well kr‘wg

the P bit PERTHAHOPAS AR AN NS B NV dedion nofse n
j[he differem(ﬁgnaiDThat'g why the d?fference signal has an almost white _frequency spectrum. To
Iprov e data Compgfy IS It SO SRR st e uglrovn 1 e
terminal 1 ctomeessuestheitM G0 hitslaigdahipdessitatiantsigogliohhleaind praverrssigafotdaised to
decrase the dota capaciy. (e, garny s HIPLERGS. S90T 20 IRUSIERSE NP BEISER YA siggal to noise
input so as to obtain a data compressed difference signal to be supplied to its output 18.
The output 10 of the splitting unit 8 is coupled to a first input 22 of the signal
combination unit 24. The output 18 of the data compression unit 16 is coupled to a second
input 26 of the signal combination unit 24. The signal combination unit 24 combines the
20  signals supplied to its inputs 22 and 26 into at least one serial data stream, which is suitable
for transmission via a transmission medium TRM. This signal-combining step in the
combination unit 24 may include a channel-encoding step, well known in the art.
The data compressing unit 16 may comprise a standard arithmetic encoder,
such as a Huffmann encoder, well known in the art. The splitting unit 8 performs a
25  quantisation step to obtain the P bit PCM signal. The quantisation noise in the P bit PCM
signal results in quantisation noise in the difference signal. That’s why the difference signal
has an almost white frequency spectrum. To improve the data compression, the unit 16 may
comprise a psycho-acoustic model, well known in the art. Therefore, the data compression
unit 16 is provided with a second input 20 coupled to the input terminal 1, to receive the M
30  bits digital information signal. The improvement can be used to decrease the data capacity to
carry the difference signal or to increase the perceptual signal to noise ratio that can be
obtained by a receiver having the features of the invention.

The transmitter described above functions as follows. The digital information

signal is supplied to the input terminal 1. The splitting unit separates the digital information



obtained by a receiver having the features of the invention. The transmitter described above functions
as follows. The digital information signal is supplied to the input terminal 1. The splitting unit separates
the digital information 5 4 Feb 2004 having M bit PCM samples into a P bit PCM signal, which is a low
signal quality representation of the digital information Signal and a difference signal. Btgcbli?i@énce
signal comprises the signal information from the M bhit PCM signal needed aﬁ the receiver side to

reproduce B Wighudlity b TaBeitaitin tFthe Bigithrsramdtoh Sighavini g @Yot a M bit 5 PCM
Zi_?fnal, by Eépfﬂs?ai_t]}@éh;)ﬂmtd?g}m ﬁigég@hﬁ[&lﬁigégﬁf?@a@%fﬁé_%%b JibgaP b@t&@%r@i@é}afigaﬁu the

ifference signal, if sp data campressed, are combined tg obtain the transmission signal for
tramsmissiOATORE S eSS TSI TR FhB %ﬁ%}%ﬂ%ﬁé%% ESTREPIE BeM signal
such that adjgodives Mbiingaapeyatpa iba eaiusetholdipaa predemhtivesiian ¢amheefitdvea Saisitsignal.
10 The trapnsmijssion medium TRM can be oadcast channe|.qr a record carrier,_such as a
magnétic or a&a&!ﬂ%&s%bea%ﬁ?%gﬁgﬁr%%%%h i é%%ﬁxg?ﬁiﬁga i P B Yssion
medium TR0 hdabeiEreligissighahoi dateoasticassd, afacteabived forotegeivig the transmission
signal and regenerating therefrom a reproduction of the original digital information signal..15 The
tramsmissi AT CPRUTEISEBR Hb HAIE SB BF A AR O A AEBERI e unit 62
is capable sgnetdertieg tiePPHohiPPOMigignaliftothatherdrainsmissiansiginaliagths Uppliess sdichsignal to a
first input 68 of a signal. combination unit 7Q. Another output 66 of the demultiplex unit 62 is coupled to
an input 7?8??&3%3%%%6&%%@%’%?% 8'g8 iultiplex unit 62 is capable of retrieving the difference
signdl0 20 from the transrhisstansigsiahanediors Uil the bignatarlcadtielvachéd dhe @utpdtcaritiat is
coupled to a %econd input. 76 of the signal czgnbinatio;lnhur{it 70. The signal 1c.ombination unit éo
combines tHE SIS R 8GR SPHISY L5 SbeBRE Pt B SR B SBiRna' ey it et efepfottction of
the originatraiigitabsdifonmatiom JiBM koAnraidipat. 78 of the signal combination unit 70 is coupled to an
output 80 of the receive%if re%léﬁad via a D/A conv rt<§r 25 82. The receiver r%%ty in addition be

. . e OWwWS an empodaiment, o IeCe1ver 1or rece1vin tr MISS10
provided with a second FAConvENEY Mot ShOWHS Wiich hiad‘ah input'cou 0 the ou?ptﬁ 64 of the

demultiplexigiit dilangeaeratiipuhaetiplec tepandibesoofpht teiginddipoalsindyvmalibe fimciioning of
the At eiver of figure 2 i%}?estigrllls?r\rllvl%Si-(l;pl%icgigﬁ 'flﬂwlel)é received via the input 60 of a demultiplex unit
62. The demultiplex unit 62 is capable of retrieving the P bit PCM signal from the
transmission signal and supplies said signal to a first input 68 of a signal combination unit 70.
Another output 66 of the demultiplex unit 62 is coupled to an input 72 of a
data expansion unit 74. The demultiplex unit 62 is capable of retrieving the difference signal
20  from the transmission signal and to supply the signal so retrieved to the output 66 that is
coupled to a second input 76 of the signal combination unit 70. The signal combination
unit 70 combines the signals received at it first and second input so as to obtain a Q bit PCM
reproduction of the original digital information signal. An output 78 of the signal
combination unit 70 is coupled to an output 80 of the receiver, if required via a D/A converter
25  82. The receiver may in addition be provided with a second D/A converter, not shown, which
has an input coupled to the output 64 of the demultiplex unit 62 and an output coupled to
another output terminal, not shown.
The functioning of the receiver of figure 2 is as follows. The demultiplex
unit 62 retrieves the P bit PCM signal that is a lower signal quality representation of the
30  transmitted digital information signal and supplies said signal at the output 64.
The demultiplex unit 62 is also capable of retrieving the, if so data
compressed, difference signal, and supplies said signal to output 66. If necessary, the data
expansion unit 74 retrieves the data compressed difference signal at the input 72, expands

this signal to obtain the difference signal and supplies said difference signal to the second



unit 62 retrieves the P bit PCM signal that is a lower signal quality representation of the 30 transmitted
digital information signal and supplies said signal at the output 64. The demultiplex unit 62 is also
capable of retrieving the, if so data compressed, difference signal, and supplies said signal to output
66. If necessary, the data expansion unit 74 retrieveséhe data compressed differencd sign20é4 the
input 72, expands this signal to obtain the difference signal and supplies said difference signal to the
second 6 A"BBb PG4 HER e aaé}aﬁgpgo?ﬁbﬁmﬁfmfe%lwf ke EgiA Histes to

signals of thgitgligifkiniosnatianisignal belemam tertaimviavelanyhishpaseAoRIRSEBitiR UM HdpiiIPCM
signal representing the M bjt. PCM digital information sjgnal, and the quantisation noise introduced by
the splitting BRI %MM&%&Mﬁ&&%&“@%ﬁﬂ&&?‘@ﬂ@sﬂ%ﬁ? SURBHTEESR PREHB EoALRiLic

decoder, wWhieheisptifosgyitie toder nananigaitrapy deaadgansbichri 84essiessmpfcodgkysteh as a
Huffman decoder.rfgheae dﬁe@flo ers are wedl known in the art. The signal .co .biniltio unit 70 combines
CaAE e cﬁgeﬁat

the P bit PERIEY; SHErESSYiGRAaISs 85 13 SHTQRY Hfs SignAiehg a
reproductidscotithesaciginal Higitalanigsroatiomhigsakanders upplies! heo@rbih e MHoTks eigipit 78. The

value of Q is related to the_data expansion. uni 4 used. ending on the complexity of the data
expanaton PR Bt CHRARGIEn TR T 10 b3 EOEL Y I SO RE U A58 Gy, The
value Q ofttea ) hiPCKIMigighdtige aetptedyithe Sigoalrzgnabifigiiahiufditrhasoa selatibnship with the
signal quality of the reconstrycted difference signal received at input, 76. To generate a reproduction
Sional Wit P RIGRISTS (RS it B, B A b DS R R B
incre%&sectl_.gﬂala'd@ttre]ﬂag@@id%gjcoﬁ.tlTeftl_eoBﬁA_ Soryvest y ttﬁé 821;avellsajm1_mﬂyl' inFe_t Sneﬂ;wdawax@tsimﬁuni_t o
reproduction e digital infoymation signal intg an analog signa). Figur w embodiment o
tho spitting) ARIE R HE PR B IGHTR B PHRAEL S ol B bl & Pk BB igital
informatiogsignatdayitig Mgibit 8&GiMisatioplesit hae greniiaeshdp v taevig@abgadlitsaitaheon the M bit
PCM signal so stot2 0 tain the.P bit PCM aigtnal bej 2 repres ntation of th digitalfnfot mation
signal and S BETES A RS MERRF S DUNBRR b L7 SRSy i A AR step
performedidghebei g bgdiiapythonmdiiyor PONCsikaal fankiieniHeutaduny ddtQeiguanisaticrasedethod can

e syt gl iy ey lnase s Aoy e son s ey
S0 as to obheiditheldifferenc®siginakil Tite alifterdngaigigial is supplied
Figure 4 shows an embodiment of the splitting unit in the transmitter of
figure 1. The input 6 of the splitting unit 8 receives the digital information signal having M
bit PCM samples. The quantizer 4.2 performs a quantisation on the M bit PCM signal so as to
20  obtain the P bit PCM signal being a representation of the digital information signal and
supplies the P bit PCM signal to the output 10 of the splitting unit 8. The quantisation step
performed can be an ordinary rounding or truncation function, but any other quantisation
method can be suitable as well, including the use of noise shaping and dithering. The splitting
unit is further provided with a subtraction unit 4.4 for subtracting the P bit PCM signal from
25  the M bit PCM signal so as to obtain the difference signal. The difference signal is supplied
to the output 12 of the splitting unit 8.The splitting unit may also be adapted to perform the
truncation function by supplying the P most significant bits of the M bit PCM samples to
output 10 and supplying the M-P least significant bit to the output 12.
The transmitter is preferably compatible with the industry standardized signal
30  reproducing apparatuses, such as CD players. Therefor the signal combination unit 24 is
adapted to generate a transmission signal having an N bit PCM signal. To be compatible with

the CD standard N should be equal to 16. Therefore, the splitting unit 8 supplies preferably a
P bit PCM signal, whereby P < N.



to the output 12 of the splitting unit 8. The splitting unit may also be adapted to perform the truncation
function by supplying the P most significant bits of the M bit PCM samples to output 10 and supplying
the M-P least significant bit to the output 12. The transmitter is preferably compatible with the industry
standardized signal 30 reproducing apparatuses, sucfi as CD players. Therefor the sigFeth 200abination
unit 24 is adapted to generate a transmissign signal, havin%*an N bit PCM signal, Tg£e compatible

with the CDRISRALIEFITYABSRPBE By LIHES 16 PRkt &V itRG SSmtiP i85 QP phaiPrsterably a P

bit PCM sigijalb whereliePilz Ne NA# @ICROO4nA iishad seepivertakiowofithfgusa 3, is provided with
a demultiplex unit 62' which is_ capable of retrieving the N bit PCM signal which is a representation of
the P bit @@F&é@ﬁ?gw&nogmﬁ&%&?@fmﬁﬁm%n PiR% NG N BRRSNBRE Hom the

transmissigamsignal srasignilieshviitled (rANBBIEEIONIREG WedIRMTRNE TBreivesiiashas/B/3 converter
82', sq that analogrv?r,sion of the representation of the digital insl‘ch ation %Lgn | to the output 84. In a
B } t

prior art ret¥NVENE B EBAVEREP R SISy Ra AR Feitd! TERE INEHORPRION Al o
embodimefht@fulipatSgnal sprkinatieodivit 24 rmayopecitedvithth éccagendindt Pasgl isThasignal
combination unjt receives the P bit PCM signal at the first input 22. 10 The samples of the P bit PCM
signal are ‘Eﬁé‘ﬂ to<g?§nerate the P most significant bits of the samples from the N bit PCM signal in the
transmission signal. TheANirsPdhitsoliasinsighificaninflitointhe NN signed asedisetideserry at

cignel conBiAtai AR D e PR ST Spi o the N BIEBLH Cioher Ol e P bi
PCMisignatteeingsidoweihi P guahGMepsaduaianaf theaigiiad thtoPmatiosigigfiednibRsleagisignificant
bits in the N bit. PCM signal will be reproduced as low signal nois ded tq P.bit PCM signal. When
the N bit SRS S AT RIS ST Sl A s Be LB AT diment
of the (_Jlerrbittq' ﬁigohuNtlﬁQH@MeiggaEﬁremédiwe@im mdam@dﬁmfghe@ﬂ(iéfarmmisﬂdm ﬁigmd having
o Ot P The depuBr 20t e DO IR T e oL PO,
extract therd¢eiRtaadt repgodicanhdits bioPC Mesiynait IRCinbsignRIbsoPESMcs btdibciing difléerence signal, if
S0 d&ftba C%Teﬁ{glsr%%go@&%%%p(!}l%% Ei?g%?zﬁ Pn"%%rbrl}a%%h signal. N-P least significant bits in the N bit
PCM signal will be reproduced as low signal noise added to P bit PCM signal. When the N
bit PCM signal has a small amplitude, said low signal noise may be audible.
A first embodiment of the demultiplex unit 62 in the receiver of figure 2 is
adapted to receive a transmission signal having an N bit PCM signal. The demultiplex unit
20  extracts the P most significant bits from the N bit PCM signal so as to obtain the P bit PCM
signal for supplying to the output 64. Further, the demultiplex unit extract the N — P least
significant bits from the N bit PCM signal so as to obtain the difference signal, if so data
compressed for supplying to the output 66.
In the following embodiments of the signal combination unit 24 in the
25  transmitter of figure 1 and the demultiplex unit 62 in the receiver of figure 2, the units are
adapted to transmit, respectively, receive a transmission signal having an N bit PCM signal,
whereby N is equal to P.
A second embodiment of the signal combination unit 24 in the transmitter of
figure 1, makes use of buried data techniques, well known in the art, to combined the P bit
30  PCM signal with the difference signal, if so data compressed so as to obtain the transmission
signal. The signal combination unit determines a buried data channel in the P bit PCM signal.
Said buried data channel is used to carry the difference signal. In a prior art receiver the
transmission signal reproduces the representation of the digital signal having the buried data

channel, but the data in the buried data channel is now not perceptual.



In the following embodiments of the signal combination unit 24 in the 25 transmitter of figure | and the
demultiplex unit 62 in the receiver of figure 2, the units are adapted to transmit, respectively, receive a
transmission signal having an N bit PCM signal, whereby N is equal to P. A second embodiment of
the signal combination unit 24 in the transmitter of fig8re 1, makes use of buried datadt€ehrioes, well
known in the art, to combined the P bit 30 PCM signal with the difference signal, if so.data

compressed so as to obfal I FRRIAESBROS it PHEBIgR AN T a8l tiFe S buried

data chanpghpicihe RitPECMmigau Saidibukied daarianngekisbsadid eadyihetnifference signal.
In a prior art receiver the_ transmission signal reproduces the representation of the digital signal having
the buried Y5 CBRaNSER bt aEPa?glﬂPfﬁ%%mp Hrf%%%%%?idpﬁé gp‘i’ﬂfgi -84 Feb 2004
A second eigiadiment of the demultiplex unit 62 in the receiver of figure 2, is adapted to derive a P bit

PCM signal having a buyried data channel and to deyive the djfference signal, if so data compressed,
from the buried data char@dFi S P W%ﬁﬂ‘a}?%tﬁ- ST SIDBMHOR WLt of the

signal comhbinatigiretioft2¢uio they tlamseliieydatdigiranit AThashekmedulstieaMniidn] receives the P
bit PCM signal received at the first input 22 of the signal compination unjt 24 and processes the
composite LA SD TSl BESIRIBhES I AR LR R PSR A9 TR IRRH 30 faton
unit comprigesinansequinahanmebinedmiaddivkgePeyiabyniiSohsecdivesithe diffeneneasigsa
received at 10 the second input 26 of the signal compination unit 24 apnd generates p merging bits in
response (5 i TaAITE BT A FIDE B PeRBIUSS ARELUG bR TG HIGHs ANFSFISAA and p
merging bifiscandoinaifsit2e piiergigghbisnisiwden adjabeaidzhitehanpelsvgiit $otam to obtain the
transmission signal and supplies for the transmission signal to the output 28 of . the signal combination
Uit 24 for 6 EAS SRRV o LT FENE 35T G5 S ST BASTe Rsfmally
used to prewemt {eigicpbitraint clations peivwemg ddideantehadjxkwardsiacihfortveoadisitional task
of DC con;[%ol.b\f\ﬁ/]lhet havin%ldone this, liherﬁ iS stliﬂ: rPO(%rHlto choose.one.or mor of thos?igerfging bits

in respons® ' A& Mol MRS hteH L A S HRTE AN MR A THS GRS Atol Uit B8 '§Bherate the
merging bitiscusgsathuismbaratidriguie B! Showsnariissibe miagtiment oi dkierderdiltipER ME6 The the
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channel words and for the additional task of DC control. When having done this, there is still
room to choose one or more of those merging bits in response to the information content of
the difference signal. The generator unit to generate the merging bits uses this room.

Figure 6 shows a third embodiment of the demultiplex unit 62 in the receiver of figure 2. A

20  unit 6.2 receives the transmission signal supplied to input 60 of the demultiplex unit 62. The
transmission signal comprises a sequence of m-bit channel words with p merging bits
between each time adjacent m-bit channel words. The unit 6.2 separates said transmission
signal into a sequence of m-bit channel words and said p merging bits. The sequence of m-bit
channel words is supplied to a channel demodulator unit 6.4 arranged for preferably m —n

25  channel modulation to obtain the representation of the digital information signal. The
representation signal which is in the form of a standard digital stereo signal having P bit PCM
samples is supplied to output terminal 64. The p merging bits are supplied to a processing
unit 6.6. The processing unit 6.6 is arranged for processing the p merging bits so as to obtain
the difference signal, if so data compressed, for supplying to output terminal 66.

30 Figure 7 shows a fourth embodiment of the signal combination unit 24 in the
transmitter of figure 1. A processing unit 7.2 receives the P bit PCM signal received at
input 22 of the signal combination unit 24 and processes the P bit PCM signal so as to obtain
a sequence of q byte blocks. The processing unit can comprise a cross-interleaved Reed-

Solomon encoder. The value of q is 32 for the standard CD format. A subcode encoder 7.4



transmission signal comprises a sequence of m-bit channel words with p merging bits between each
time adjacent m-bit channel words. The unit 6.2 separates said transmission signal into a sequence of
m-bit channel words and said p merging bits. The sequence of m-bit channel words is supplied to a
channel demodulator unit 6.4 arranged for preferably 9 - n 25 channel modulation to éliet2tid
representation of the digjtal information_signal. The representation signal which is in the form of a

standard digfifAY StPES IGFIK ARG P Ibie MR LRI BIES i Lo P s JuR ARsh SRS 2Pre p
mherging bwta?swwiﬁﬂré@pb@ﬁ@ﬁigﬁglgimﬁr@&s@hﬁ.pm@edﬁsm@mttﬁe@tﬁéaaﬁartgbcfdlaﬁwgcessing
the p merging bits so as to_gbtain the difference signal, if so data compressed, for supplying to output
terminal 68?%%55&@%8%@1 8 T B AT £ 8 ST e RS i 2 Lo

transmittes@bdiglers dbAipedaassipensrite’tRereftivas thednditRGiMisTgnaddaoeivad algngise2? of the
signal combjnati nit 24 and processes the P_hit PCM signpal so as to obtain a sequence, of q byte
Dlocks. T P 5t ST RO e RS RN i 5 S B BEe A P Ve of
is 32 for thehstaoDakd G dbranat Agddbrobleentenen v Bdohbba0i4B X eprifesbllygdifatence signal,
if so data compressed, supplied to its input. and generates an r. byte subcode in response to, said
diforence CINAI 1 Sl QTR R A S S A e CUBh R ST LGSy DI bda. A
least one hiiaishichdide suhnadaspthaastie bn@ideecode is obtained in response to the difference

signal. An unit 7.6 receiyes the sequence of 5 g byte blocks. and said r. Qyte subcode and inserts the r
oy subtode between SIS ROTIBR ARt MR RE LA GOMAR BA U H F (F8Ebrg

carrien 32. Hefaraldlypuioit R 2tracismiting tsaidnsigyianh eipatrapplicssio inmedioior indhizdaniples record
carrier, the si |s channel encoded by for.example an EFM encoder. Figure 8 shows a fourth
cmmbodimeH b AT LA 63 TS RS ORS0 6 ) SORB B BB B
transmissibawi@maé&mmﬁﬁd{dgnhmuq&@tefmmeldemﬂmﬁ%.:uséatpﬁ_raTdfsesﬁ_ﬁanmmaﬁimibaigmhtﬁmprisgs a
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The separgtigsidsl pasebupon tyee ploykicah@dsitimb@idgsiyitehblosksdinddheiguiicatieséquikiee
e R RIS o LSRR RIS B R R S
8.4 may pésfarbidties aperatiobsik ekdPSatdmdvi denaldifigegmdodssionpasiiridriaayipgfdine ttransmission
signal, operations Reed-Solomon decoding and de-cross-interleaving. The transmission signal,
which may be in the form of a standard digital stereo signal, is supplied to output terminal 64.
The r byte subcodes are supplied to a processing unit 8.6. The processing unit 8.6 is arranged
20  for processing the r byte subcodes so as to obtain the difference signal, if so data compressed,
from at least one bit of the r byte subcodes. The difference signal is supplied to output
terminal 66 of the demultiplex unit 62.
Figure 9 shows the transmitter in the form of an apparatus for recording the
digital information signal on a record carrier. The circuit block denoted 9.2 in figure 9
25  replaces the circuit diagram of figure 1. The input terminal 1 of the recording apparatus of
figure 9 is thus equivalent to the input terminal 1 in figure 1, and the terminal 28 in figure 9 is
equivalent to the output 28 of the signal combination unit 24 in the figure 1. The recording
apparatus further comprises writing means 9.4 for writing the output signal present at the
terminal 28 on the record carrier 9.8. The record carrier 9.8 can be of the magnetic type. In
30  that case, the writing means 9.4 comprise one or more magnetic heads 9.6 for writing the
information in a track on the record carrier 9.8. In another embodiment, the record carrier 9.8

is an optical record carrier. The writing means 9.4 now comprise an optical write head for

writing the information in a track on the optical record carrier. In general, prior to recording,



which may be in the form of a standard digital stereo signal, is supplied to output terminal 64. The r
byte subcodes are supplied to a processing unit 8.6. The processing unit 8.6 is arranged 20 for
processing the r byte subcodes so as to obtain the difference signal, if so data compressed, from at
least one bit of the r byte subcodes. The difference sigfal is supplied to output terminhFeb 2ithe
demultiplex unijt 62. Fiﬁure 9 shows the transmitter in the form of an apparatus for. recording the digital

informatiofSigsaPOIP R SE8E ﬂﬁér“g*i*ﬁ ENEAEBISER TR $hs FmRgaimens el apididdRe circuit

diagram obfigthewritihe riaut Eanaptied thehraserdingappanaius of figure 9 is thus equivalent to the
input terminal | in figure 1, and}?e termiﬁgl 28 in figure 9.is equivalent to thf output 28 of the signal

combination unit 24 in thasguld SIS RSISFAINGT MhiBS o ¢l ARSPRERTBN RS HaALCEARS 9.4 for

writing thedigitauiFignaltiresenhatiha terriad 28terthmsesridisoier@btdheradarteasrier 9.8 can
be of the magnetic type. In 30 that case, the wrjting means 9.4 comprise one or more magnetic heads
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writing the information i rack on the.optical record carrier. In gener rior to recording, e
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the writingfigea® Tk copapdisang appmaalsehedding upitisEigundin sleans] he feceivéinnttiee form of
an apparatu;ﬂifﬁr re§r§%gint%éhe digital infogl?atig si%[\allfr.om he recqrdﬁrrier. The.circujt block
denoted 18'@"H fiGUIEL0°E FEPACES thHE Eréuiitt 3?5 RS senalEsadingd Bot Rt Sroducing
apparatusméimﬁgdagbiﬂﬂwmim[eﬂtﬁeﬂh@ﬂﬁutﬁﬁ:.olfnthei_dmmlﬂmleefadhig@@ehmiigurb 2, and the
output terminal 80 in figure 10 is equivalent tow #?uf%lgéter@nal 0 of the receiver of fi tre 2. The
reproducing RBPAFA0E 90 AF CSIRRFISE RS ) § LA Do QUM BHEC TG KT8 dEd on the
record carriofd& andifdnsuodiyingribedsigha) tieackcutitcathied 9RIisGH. dfliddieo@adrchaasrier2.8 can
be of the mz??%ri\etic g/ape.ll&ér}l%t\)&:ase, the readin meag?l%%%o comprise one_or mare ?r]a netic heads
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embodimenrteivtirehe reading means 10.2 comprise a channel decoding unit for channel decoding the
signal read from the record carrier.
Figure 11 shows another embodiment of the transmitter in the form of an
apparatus for recording the digital information signal on an optical record carrier. The
20  transmitter of figure 11 shows a large resemblance with the transmitter of figure 1. An optical
record carrier replaces the transmission medium. The signal combination unit 24 in figure 1
comprises a first writing unit 11.2 and a second writing unit 11.4. The first writing unit 11.2
is adapted to receive the P bit PCM supplied by the splitting unit 8 to it input and to write the
P bit PCM in a first channel of the record carrier. The record carrier thus obtained is
25  preferably compatible with a standard audio CD whereby the P bit PCM signal can be
reproduced by a conventional CD player. In that case the value of P is preferably equal to 16.
The first channel is in that case formed by optical detectable marks in a track, whereby the
optically detectable marks are in the form of so-called pits. The second writing unit 11.4 is
adapted to receive the difference signal supplied by the splitting unit 14, eventually via the
30  data compression unit 16, and to write the difference signal, if so data compressed, in a
second channel of the record carrier CD. The second channel may be written in the form
variations of optical detectable marks transverse to the track direction such as variations of

the width of the marks. In USP 5,724,327 some embodiments of the second channel are

disclosed. Said document discloses variation of the position of a track on the record carrier,



receiver the reading means 10.2 comprise a channel decoding unit for channel decoding the signal
read from the record carrier. Figure I | shows another embodiment of the transmitter in the form of an
apparatus for recording the digital information signal on an optical record carrier. The 20 transmitter of
figure | | shows a large resemblance with the transmittér of figure 1. An optical recordidaftsizé0edplaces
the transmissjon medjum. nglsignaléombjnation unit 24 in figure I comprises a first writing unit 11.2

and a secoAHWRARGUAR 1A hderiaalAtingrh% Hack o '3aHaRess & Facdv s b cM supplied
by the splittibgveritl die ik lsyrut and to write the P bit PCM in a first channel of the record carrier. The

record carrier thus obtained is 25 preferably C%m atible wijth a standard audio CD whereby the P bit
PCM signal can be repfo¥8ds i FHBRAIEH! Byt AT OAICEASE HE URE B is preferably

equal to 18xahiigdicId shanneldsiukiatiaasp fugedibypppiitaddaiestablaamay kstin thd@ekenvhereby
the optically detectable marks are jn the.form of so-called pits. The second writing unit 11.4 is
adaptad tor8cd %Eet%i‘i?BFB E&%ﬂbﬁ%ﬁéﬁ%ﬁh@al &’e"‘é‘ﬁlﬁ‘t &fon‘ﬂfliht,ye(?é’ﬁ‘t‘&%ﬂg?t%}?& P:féh!?%ata
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the record carrier CD. The second chanpel m e written in the form variatjons of optical detectable
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rier, 11 4 Feb 2004, variatigns of the width or depth of pits in the
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that it prodiseespeieer chedighrsstdutiexavnpie KKDVsdigatcan be used in CD playback apparatuses in
accordance with the current 5 CD standard to.reproduce.the P bit PCM signal being a lower quality
representation of the M Q?PB‘&??WJB&%%&%%&%%%@ 'gl .'Tf:%/'et?? éﬁ?@gzt%gﬁﬁ%%ﬁfgbﬁ’é’ %@%,Ofre able
to read thehérdit thamealigmy, iAsoapyavaapileyssd)dnGhr rebarBend wiinahty bomtaittcthin datdiintthe first
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the record carrier for carrying the difference signal.
Figure 12 shows another embodiment of the receiver in the form of an
apparatus for reproducing an M bit PCM signal written on a record carrier. The receiver of
figure 12 shows a large resemblance with the receiver of figure 2. The demultiplex unit 62
20  comprises a first reading unit 12.2 and a second reading unit 12.4. The first reading unit 12.2
reads the data written in the first channel on a record carrier to obtain the P bit PCM signal
written in the first channel and supplies said P bit PCM signal to the first input 68 of the
signal combining unit 70. Said first channel is preferably in the form of a channel carrying
the N bit PCM signal on a standard CD, whereby N = 16. The second reading unit 12.4 reads
25  the data written in a second channel on the record carrier to obtain the difference signal, if so
data compressed, for supplying to a second input 76 of the signal combination unit 70. If the
second channel comprises a data compressed difference signal, said compressed signal is
expanded prior to supplying to the second input 76 of the signal combining unit 70.
Embodiments of said second channel have already been given.
30 Optionally, the first reading unit may be adapted to read a first portion of the
difference signal, if so data compressed from the signal read from the first channel of the

record carrier CD, by using e.g. buried data techniques. The second reading unit 12.4 is in

that case adapted to read the remaining portion of the difference signal from the second



channel of the record carrier. This insertion may be done by using buried data techniques. In that
case, the second writing unit is adapted to write the remaining portion of the difference 15 signal in the
second channel on the record carrier. This option increases the data capacity on the record carrier for
carrying the difference signal. Figure 12 shows anothezembodiment of the receiver idthebfatddof an
apparatus for reproducing an M bit PCM signal written on a re carrier. The re@g)lver of figure 12

shows a |2 PESeMNE HEO Wit e rd B8 ivea igting “?Hés ’ﬁﬁf’é‘?‘iﬁﬂu{%‘%’ RS HSEL a first

reading unpoiZod @tﬂﬂtﬁe&%ﬁ@iﬂllﬁgé}ﬁiﬁﬁ)ﬂ@ﬂ dsd oblagnfiiel dEReiPIRIE A, 2f seade henthataseditten in
the first channel on a regor rier to obtaln éhe P b(i PCM s gnal written.in the f| st channel and

supplies said P bit PCM'fY élt tRYCRHGNAD AEwERE Pf%lﬂ%@ AFBEHIBIRTAG Rt 7" %‘Hmel‘ﬂ%t channel is

preferably dinctbefforo ©ftk cihdered camyingctbaky hit Ravisignabaiprst@angateiads whereby N = 16.
The s cond?%afd unit 12.4 reads 25 the dat Wntt%il‘gaj Econd chann (Lon the r ord carrier to

obtairPthe %ﬁ@fﬁ?%ﬂ&&m@m&e SR P4 ‘%P?ﬁblﬂﬁ FoB1e signal
combinatiaadpaiv? Qlelﬁﬁhen@mcu@disﬁﬁfmey @Bértpaims agdaiacanecared dfeien csgriakesaid

compressed signal is expand or.to s g to the second.i ln ut 76 .of the signal combining unit
o EmbotACHER S BaLI Rl Hor Lo GG et i e EPreading

unit may bexadeptestda redd @dﬂsﬂmﬁtﬁ&h@fnﬁlewﬂiﬁemmmm pbﬁ@odatﬁyabmbee@ade‘@m the
signal rea d data technigues. The

dlzﬁrom the fi st cha neI otE the record carrier CD, b u5|

second reASilgUHRE 3% %r SR RS e RS TAUY %Fﬁé]]%%q}’f 18R 18y REWFEN ce signal
from the s&ttram:folra %Eﬂbf%@&fbedﬂgﬂiﬁlehwﬁhediaﬁmré&anﬂea Hebe Beestidmbaairgpuaihiafiiéher
adapted to. comb tl[&e/flrst portion an remaini rtlo S tolg)btam éwe dlfferencle signal, if
2o e oo R B R A AL ATE L Lo b Par LB e S Ao B
thereof, it ihéahemiblddisiaodtthal theke ewembthimiialive thsanplescaftieis Bgrdmltsg&hrmﬂmcanons may
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gna e scrarnbléd with a key.
The scramiyipat stignial aoeyrdence with the 1nvent10n will not be able to unscramble the scrambled
signal carrying the difference signal and thus not be able to reproduce a higher quality
reproduction signal of the M bit PCM the digital information signal then the read P bit PCM
signal.
20 Furthermore, the difference signal may be in the form of a scalable signal.
This has the advantage that the digital information signal can be retrieved from the
transmission signal by receivers having a different complexity. The complexity of the means
to retrieve the difference signal determines the quality of the reproduced digital information
signal. For example, if a data compressed difference signal is transmitted, some portions of
25  said digital will not be used by a less complex decoder to generate the difference signal. This
will finally result in a reproduced digital information signal having a signal quality that is
lesser than the signal quality of the original M bit digital information signal.
The word 'comprising' does not exclude the presence of other elements or
steps than those listed in a claim. Any reference signs do not limit the scope of the claims.
30  The invention can be implemented by means of both hardware and software. Several “means
may be represented by the same item of hardware. Further the invention lies in each and

every novel feature or combination of features.



inserted in the buried data signal and stored in the first channel on the record carrier, while the
scramble key is stored in the second channel on the record carrier. By doing this the E%r%r%{? signal
can be read and copied by now a days recording apparatuses, but the key cannot be reddand thus
not be copied. The copied record carriers carry the scrambled signal, 15 but do not carry the
scrarnbling key. By missing said scrarnbling key, a reproducing apparatus in accordance with the
invention will not be able to unscramble the scrambled signal carrying the difference signal and thus
not be able to reproduce a higher quality reproduction signal of the M bit PCM the digital information
signal then the read P bit PCM signal. 20 Furthermore, the difference signal may be in the form of a
scalable sigh&i!Mf¥iis has the advantage that the digital information signal can be retrieved from the
transmission signal by receivers having a different complexity. The complexity of the means to
retrieve the difference signal determines the quality of the reproduced digital information signal. For
example, if a data compressenldifése nea signalds danismit@anacoiesporiidns 24 sai¢digital will not
be used by a less complex decader tocﬁzner te the difference signal. This will finally result in a

reproduce&aH}B}FQIWﬁ&mgﬂsgfﬁHéﬁlﬁ fﬁgt es%ﬁﬁ%ﬁ%ﬁﬁ?%éﬁ Sesser than the signal quality of the
original M bihpligita¢infaion adieiviignat MhietParsl sipaydrising’ does not exclude the presence of other

elements or_steps than those listed i ae&@ém reference signs do not limit tl}f scope of the
Claime. 30-PAL B CAR B AR B MR Pt Har A S S, Severa
"mearis mayoberepissaniEhbinfie isaMeNieangl tieddivarkEtsibe sithedmeantidr defdresach and
every novel feature, or mﬁj ion of features. 4.F @ 04 13 CLAIMS: 1. Transmitter for transmitting
a digital in?’g}ﬁﬁ%?fbai%igr%ﬁt gﬁ&&ﬁﬁ%?ﬁ’@kﬁ%&%& ﬁl\?slé\ggagéﬂs\%i{;él]sii%l ?n-%’dium, the transmitter
comprising fiispignaéaos biattae ivikig dHferMobhib PG thigRdljt-PsphittiighateadsHodSiditting tienM bit
PCM signal in gre {esen%ation of the di it?IfS ipformation si%ln%l avinI%.P bit PCM samples and a
difference Sscfgaﬁa?t?elr?bnt%erﬂ?ﬁ%lrltsasﬁgg Shetvedn the M bitPE sﬁan% A0 TE Poit PEm signal, in
which M >dRarafitstiségralthendbinaborprasans fencombipiogidoé Brbinfa CMpignsingrttcthe difference
5|gnello difference signal so as to obtain a data compressed difference signal, the first signal
combination means being adapted to combine the P bit PCM signal and the data compressed

difference signal so as to obtain said transmission signal for transmission via the transmission

medium.

15 2. Transmitter as claimed in claim 1, characterized in that first signal
combination means are adapted to obtain a transmission signal comprising an N bit PCM

signal being a version of the P bit PCM signal, whereby N > P.

3. Transmitter as claimed in claim 1 or 2, characterized in that the splitting

20  means are adapted to split the M bit PCM signal into P most significant bits (MSB) of said M
bit PCM signal to obtain the P bit PCM signal and M-P least significant bits (LSB) of said M
bit PCM signal to obtain the difference signal.

4, Transmitter as claimed in claim 2 or 3, in which N > P, characterized in that
25  the signal combination means are adapted to insert at least a part of the difference signal (if

so, data compressed) in the N-P least significant bits of the N bit PCM signal.

5. Transmitter as claimed in any of the preceding claims, characterized in that the

first signal combination means are adapted to insert at least a part of the difference signal (if



SO as to obtain a transmission signal for transmission via the transmission medium, characterized in
that data compression means are provided for data compressing the 10 difference sigﬂgl g%ggs4to
obtain a data compressed difference signal, the first signal combination means being acFap to
combine the P bit PCM signal and the data compressed difference signal so as to obtain said
transmission signal for transmission via the transmission medium. 15 2. Transmitter as claimed in
claim 1, characterized in that first signal combinatif)j) means are adapted to obtain a transmission
signal comprising an N bit PCM signal being a version of the P bit PCM signal, whereby N > P. 3.
Transmitter as claimed in claim 1 or 2, characterized in that the splitting 20 means are adapted to split
the M bit PEMALHATRI SISt AR SREFSa s S ot Bk S EMRNAR S Ehtai the P bi
PCM signatzaiachivkiBrie astasitptifiaanhbitsoll-nBi1ef saidniMkshth Rtehgignal to obtain the difference
signal,_4. Transmitter as claimed in claim 2 or 3, in which N > P, characterized in that 25 the signal
combi%ation means are adapted to insert at least a part of the difference signal (if so, data
compressed) in the N-Pleashsigeiticandiibitsl of the MbiffeMIsigRal b 5T cansmidieicds ctaimed in any
of the preceding claims, characterized in that the first signal combination means are adapted to insert
at least a PAH SPIR HiHERENER SIGRAPFS e ﬂcﬂisg&e&’&f’éi%o% PERLHGRY DAY Gt channel
in the P bitaigdal s0adspedhiatusaddnipansimissien sigralctosigensmikponivirdh thankgiission
medium. 5, 6. Transmitter as claimeqein.a one of the claims 1.to 5, characlterized in that the data
compressigﬁ%%{h?cségﬂﬁ iy 5)39 W&%%&WC@%&%*% éB@C&%%cho-acoustic encoder is
adapteéd for data compressing the difference signal in dependence of the digital information signal so
as to obtain the data compressed difference, signal. 10 7. Transmitter as claimed jn apyone of the
claims 1 to'5, wherein tf1d HA0L (SO RET CAUh ThA S S EA By eRbgag o Al &
Transmitteroaspetasioadricaaiomprisbecatopaidreotipynanaeeding means are in 15 the form of a
Huffman encoder.

8. Transmitter as claimed in claim 7, wherein said entropy encoding means are in

15  the form of a Huffman encoder.

9. Transmitter as claimed in anyone of the preceding claims, the transmitter

being in the form of an apparatus for recording the digital information signal on a record

carrier.

20
10. Transmitter as claimed in anyone of the preceding claims, characterized in that
the transmitter further comprises channel-encoding means for channel encoding the
transmission signal prior to transmission.

25 11 Record carrier obtained with the transmitter as claimed in claim 9 or 10.
12. Record carrier as claimed in claim 11, wherein the record carrier is of the
optical or magnetic recording type.

30 13. Receiver for receiving a transmission signal carrying a digital information

signal from a transmission medium and generating a Q bit PCM signal therefrom, said Q bit
PCM signal being a representation of said digital information signal, the receiver comprising
- retrieval means for retrieving the transmission signal from the transmission medium,

- demultiplex means for deriving P bit PCM representation of the digital information signal



9. Transmitter as claimed in anyone of the preceding claims, the transmitter being in the form of an
apparatus for recording the digital information signal on a record carrier. 20 10. Transi’%jgéaE 4
claimed in anyone of the preceding claims, characterized in that the transmitter further comprises
channel-encoding means for channel encoding the transmission signal prior to transmission. 25 11.
Record carrier obtained with the transmitter as claimed in claim 9 or 10. 12. Record carrier as claimed
in claim 11, wherein the record carrier is of the opﬁ al or magnetic recording type. 30 13. Receiver for
receiving a transmission signal carrying a digital information signal from a transmission medium and

generating a Q a{i&tPCM signal therefrom, said.Q.bit PC&(I signal being a representation of said digital
informatioA¥gha BRENFE Al ESMARSIHENSHRY SIS ans for retrieving the transmission signal from
the transmissianl madiintiod emsuiiiexcoiabinsnio fderiving EVPRi B M igpresimataceaighel digital

information signal 4 Feb 2004 15 and a difference signal from the transmission signal, - signal
combihatidii ﬁ@%?é%ﬁ%éﬁh&iﬁﬁ?@ﬂ&fiﬁ%w ys%%all) and the difference signal so 5 as to obtain the
Q bit PCM-sigtpal; vdrerehy QippRinotipat sierosifagsuipplying the Q bit PCM signal characterized in
that the demultiplex mean b%ii)]ng ada[)tef to retrieve a dif eregce si?ﬁnal wgﬁ;g is data compressed
from the trSNEASSSIARISIy A e deiprIURISE FSEPHRIMEABREI NN G54 SUFLRRES $ins so as to
obtain a diffaieinoedsigrainyniskeis fiaiia ttx pandetssich biiE ceiviet ais aldimeet etlaiptoldded
characterizeggig that the demultiplex means. are a %%ted to extract the P bit PCM re%%gsentation from

an N bit re‘ﬁ/l1 et B e ﬂ%\?olﬁfo%?a}ﬁ‘i%lﬁ § qf%ﬁ%?é%? 1_%1 PRI Ver as claimed

in claim 14 in which N > P, characterized in that the demultiplex means are adapted to extract the N-P

least significant bits of N bit PCM signal sp. as to opfain at least f the diff ignal (if so,
Gt compldssca). 16, BSEENEr S LI ARk 131 k00 K SRAPSELLR SE Tt e

are adapted to extract the P bit PCM representation from an N bit representation of the digital

information signal, whereby N > P.

15 15. Receiver as claimed in claim 14 in which N > P, characterized in that the
demultiplex means are adapted to extract the N-P least significant bits of N bit PCM signal so

as to obtain at least a part of the difference signal (if so, data compressed).

16. Receiver as claimed in claim 13, 14 or 15, characterized in that the
20  demultiplexing means are adapted to retrieve at least a part of the difference signal (if so,

data compressed) from a buried data channel in the P bit PCM signal.

17. Receiver as claimed in anyone of the claims 13 to 16, wherein the data
expansion means comprise psycho-acoustic decoding means.

25
18. Receiver as claimed in anyone of the claims 13 to 16, wherein the data

expansion means comprise entropy-decoding means.

19. Receiver as claimed in claim 18, wherein said entropy decoding means

30  comprise a Huffman decoder.

20. Receiver as claimed in any one of the claims 13 to 19, characterized in that it
further comprises channel decoding means accommodated between the retrieval means and

the demultiplex means.



20 demultiplexing means are adapted to retrieve at least a part of the difference signal (if so, data
compressed) from a buried data channel in the P bit PCM signal. 17. Receiver as clal %Eo%qyone of
the claims 13 to 16, wherein the data expansion means comprise psycho-acoustic deco ng means
25 18. Receiver as claimed in anyone of the claims 13 to 16, wherein the data expansion means
comprise entropy-decoding means. 19. Receiver as claimed in claim 18, wherein said entropy
decoding means 30 comprise a Huffman decoder..20. Receiver as claimed in any one of the claims
13 to 19, characterized in that it further comprises channel decoding means accommodated between

the retrieval means and_ th ultiplex means, 4 F 004 16 21. thod of transmitting a digital
informatio% Lignal havmb/[fiﬁﬂffg%ﬁnﬁmﬂf&a AL R 'f]ﬁ’nfﬁév{r%%ﬁ rising

the steps @iﬁéa-ﬁaﬁngthmédlbﬁqﬁﬁM@mheﬂaﬂtpmmeM bieiRGM signal in a P bit PCM signal
being represe.ntaticg: M ?bit FE%\/I signal and a difference signal being the difference between M bit
PCM Zignal'SHd e B'eit! NENEPIH which M > P; - combining the P bit PCM signal and the

difference sigfialiso s 1o bl POM @RS M SSPobit P@M@H‘@lszbéfﬁ@ﬁﬁépﬁé@éhtdﬁdﬂ a/snBmMsion
medium. chara ter that that hodf comprises the ta c sing, the
Ciference SRLFRY A XSHIERT B A SLLEtr TR LRl o R EAL AT Colbining step
IS adaptedﬁcmmmelmlﬁcblwﬁm S|gnal and the data compressed difference signal so as to obtain
said transm|55|% H%@ rf?r tr ISSIO tgt%g?gsmlssmn medium. 22. Method. as claimed in

claim 21, cHaY, %?FPB DA LA AR AT GG R ROy an N bit
PCMISlgnaig)ﬂhg)ﬁtmrmsmfnth&l Elblﬁralﬁéhhilsﬁ@m&iedmﬂhlch N > P. 20 23. Method as claimed in
claim 21 o(r:hZaZra&ggragt%rlt at tna‘;[%ét% d?g Eer grtr%)rlses the step of data compressing the

difference signal so as to obtain a data compressed difference signal, and wherein the

combining step is adapted to combine the P bit PCM signal and the data compressed

difference signal so as to obtain said transmission signal for transmission via the transmission

15  medium.

22. Method as claimed in claim 21, characterized in that the combining step
obtains a transmission signal comprising an N bit PCM signal being a version of the P bit
PCM signal, in which N > P.

20
23. Method as claimed in claim 21 or 22, characterized in that the splitting step
split the M bit PCM signal into P most significant bits (MSB) of said M bit PCM signal so as
to obtain the P bit PCM signal, and into M-P least significant bits (LSB) so as to obtain the
difference signal.

25
24, Method as claimed in claim 22 or 23 in which N > P, characterized in that the
combining step inserts at least a part of the difference signal (if so, data compressed) in the
N-P least significant bits of the N bit PCM signal so as to obtain said transmission signal for
transmission via the transmission medium.

30
25. Method as claimed in claim 21 to 24, characterized in that the combination
step inserts at least a part of the difference signal (if so, data compressed) in a buried data

channel in the P bit PCM signal so as to obtain the transmission signal.



split the M bit PCM signal into P most significant bits (MSB) of said M bit PCM signal so as to obtain
the P bit PCM signal, and into M-P least significant bits (LSB) so as to obtain the diff%rﬁnlﬁez@gnal. 25
24. Method as claimed in claim 22 or 23 in which N > P, characterized in that the comibifimh tep
inserts at least a part of the difference signal (if so, data compressed) in the N-P least significant bits
of the N bit PCM signal so as to obtain said transmission signal for transmission via the transmission
medium. 30 25. Method as claimed in claim 21 to ?717 characterized in that the combination step
inserts at least a part of the difference signal (if so, data compressed) in a buried data channel in the
P bit PCM sjgnal so as to obtajn the transmission signal. 4 Feb 2004 17 26. Method as claimed in
anyone of fle claims 21¥6'989 &i&/41ps z‘@cf‘?ﬁ(‘fﬂgf)%ﬁ © SIS P ssi6 a&%}?%‘?ﬂb‘ﬁg&‘ {H% step of
psycho-aceatstiveneediog the difarenres thignebdpdependonsecaiitwritigitad diidsroationgignal so as
to obtgin the data com resEed diff rel}ce signal, . .

in dependence of the digital information signal so as to obtain the data compressed difference

signal.





