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specific first sanpling frequency The invention

relates to awlpeagiptter for transmitti ng g di gi tal infornnmatpcayine7o0463Si gnal
having a specific flrst sanpllng frequency,” to a receiver for receiving a

transm ssion r transms i on nedi u

digital i nf'SfaHﬁ'Nsﬂﬁ“ g’?@r‘f’é@‘”ﬁlﬂf@ﬁ%’ﬁls'ﬂnﬁ having ﬁs?egrtpffaf?fs'c% tﬁgﬂ?ee{'ic%ed
with the transmtter, when in the formof an apparatus for record| ng 5
information on a record carrier, and to a transm ssion nethod.

Prior art transmtters aimat transmtting a digital information signal
havi ng a specific second sanpling frequency which is snmaller than the
fi,rst sanpling frequency menti oned above. Correspondi ng receivers are
cap'abl e of retrieving the digital information 10 signal having the second

sanpl i ng frequency fﬁ‘ﬂéﬂﬁ\?ﬁn&{ éﬂﬁép S PohsiRFor ﬁ‘ﬁlﬂnﬁtﬁnéﬂ it4l H?@r ation

sikgnal to an out put repro uct lon via one or oudspea ers.
signal having a specxﬁc first sampling frequency, to a receiver for receiving a transmission

signal from a transmission medium and generating a digital information signal therefrom, to
a record carrier obtained with the transmitter, when in the form of an apparatus for recording
5 information on a record carrier, and to a transmission method.

Prior art transmitters aim at transmitting a digital information signal having a
specific second sampling frequency which is smaller than the first sampling frequency
mentioned above. Corresponding receivers are capable of retrieving the digital information

10 signal having the second sampling frequency from the transmission signal and to supply the

signal to an output, eg. for reproduction via one or more loudspeakers.

The invention aims at providing an extension to the format of the transmission
signal, so that transmission of a digital information signal of the first sampling frequency is
15 possible, whilst prior art receivers are still capable of receiving and processing the digital
information signal with the second sampling frequency.
The transmitter in accordance with the invention comprises
- input means. for receiving the digital informati.on signal having the specific first sampling
frequency,
20 - first filter means for lowpass filtering and downsampling the digital information signal, so
- as to obtain a lowpass filtered version of the digital information signal, having a specific
second sampling frequency which is smaller than the first sampling frequency,
- second filter means for carrying out a signal processfng on the digital information signal
which is equivalent to the signal processing carried out on the digital information signal by
25 the first filter means, followed by upsampling the lowpass filtered version of the digital
information signal having the specific second sampling frequency, so as to obtain an
upsampled version of the digital information signal having a specific third sampling
frequency which is substantially equal to the first sampling frequency,
- third filter means for carrying out a filtering on the upsampled version of the digital
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WO 97/ 421 2 signal and the dlfference signal from the transmisspon signal,

PCT/ 1 B97/ 004@1§samphng means for upsamplmg the lowpass filtered version of the digital information
signal so as to obtain an upsampled version of the digital information signal having a specific
third sampling frequency which. is substantially equal 1o the first sampling frequency,

- filter means for carrying out a filtering on the upsampled version of the digital information
15 signal so as to obtain a filtered version of the digital information signal,
- signal combination means for combining the filtered version of the digital information
signal and the difference signal so as to obtain said digital information signal.
The invention is based on the following recognition. The transmitter in
accordance with the invention lowpass filters and downsamples the digital information signal,
20 which has the first sampling frequency (or sampling rate) of f;, so as to obtain a lowpass
filtered and down sampled version of the digital information signal. which has the second
sampling frequency of f,. f, is smaller than f ;. As an example, f, could be chosen equal
to f,,/2. This lowpass filtered and downsampled signal is transmitted via the transmission
medium, and can be received and processed by prior art receivers that are capable of
25 receiving and processing a digital information signal having the sccond sampling frequency.
Further, the transmitter is provided with the second filter means. This second
filter means are capable of carrying out a signal processing on the digital information signal
which is equivalent to the signal processing carried out on the digital information signal by
the first filter means, followed by upsampling the lowpass filiered version of the digital
30 information signal having the specific second sampling frequency, so as to obtain an
upsampled version of the digital information signal having a specific third sampling
frequency which is substantially equal to the first sampling frequency. Some elements to
realize this may be in common for the first and the second filter means.

The upsampled signal thus obtained is subsequently supplied to the third filter
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signal 29 f igure 5 shows a second embodiment of the receiver,

figure 6 shows another embodiment of a data compression unit of the
transmitter, ' _

figure 7 shows another embodiment of a data expansion unit of the receiver,

figure 8 shows a transmitter in the form of a recording apparatus, and

25 figure 9 shows a receiver in the form of a 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 wideband digital audio signal,
sampled at a first sampling frequency f,. This digital information could have been obtained

30 by supplying an analog version of the digital information signal having a bandwidth of f,/2
to an output 2 of an A/D converter 4. The A/D converter 4 samples the signal applied to its
input 2 with a sampling frequency f,; and supplies the digitized samples to the input terminal
1 of the transmitter. The input terminal | is coupled to an input 6 of a lowpass filter and
downsampling unit 8. The unit 8 comprises a lowpass filter 10, which has a cut off
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of the i nvapplicatotn! thplRaBGEa EdRFA&RIN UnitPH &N\ell as to an input of an upsampler 22,
which upsamples the signal supplied to its input by a factor of N. That is: N zero amplitude
samples are inserted between each two subsequent samples in the signal supplied to the input
of the upsampler 22. The signal present at the output 24 of the upsampler 22 thus has the

15 same sampling frequency as the original digital information signal. The output 24 of the
upsampler 22 is coupled to the input 26 of a filter unit 28.

It should be noted here, that the circuit construction of the elements 10, 12 and
22 could have been realized in other ways. As one example, it is possible to reverse the
order of the elements 10 and 12 in the filter unit 8. In another exampie, where the order of

20 the elements 10 and 12 is in the way shown in figure |, the upsampling unit 22 may be
replaced by a unit which has its input coupled to the output 16 of the filter 10, and which
sets each time N-1 subsequent samples in subsequent groups of N subsequent Samples in the
output signal of the filter 10, to a zero amplitude. This signal processing has the same effect
as the series arrangement of the downsampler 12 and the upsampler 22.

25 An output 30 of the filter unit 28 is coupled to a first input 32 of a signal
combination unit 34, which is in the present example in the form of a subtractor. A second
input 36 of the combination unit 34 is coupled to the input terminal 1 of the transmitter. An
output 38 of the combination unit 34 is coupled to an input 46 of the signal combination unit
20. The signal combination unit 20 combines the signals supplied to its inputs 18 en 46 into a

30 serial data stream which is suitable for transmission via a transmission medium TRM. This
signal combining step in the combination unit 20 may include a channel encoding step, well
known in the art.

The filter unit 28 may be a fixed filter. The filter unit 28 could however also be

in the form of an adaptive prediction filter, well known in the art. In that case, the filter unit
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10, which has a cut of
component O

; the digital information signal and supplies this low pass filtered version to the
downsampler 12 with a rate of f; samples per second. The downsampler 12 is assumed to
downsample the signal applied to its output by a factor of 2. That is one of each two samples

15 is deleted. The downsampler 12 supplies a downsampled version of the lowpass filtered
version with a rate of f;;/2, which is 96 kHz to the input 18 of the combination unit 20 and
to the input of the upsampler 22. The upsampler 22 upsamples the signal applicd to its input
by a factor of 2 in the present example, so that it restores the sample rate to f,.

The filter unit 28 has the function to predict at least the low frequency

20 component of the digital information signal supplied to the input terminal 1, in response to
the signal applied to its inplit 26. The subtractor unit 34 subtracts the low frequency
component generated by the prediction tilter unit 28 from the wideband digital information
signal supplied to the input 26. As a result, only the high frequency component of the digital
information signal appears at the output 38 of the subtractor unit 34 as the difference signal.

25 The high frequency component of the digital information signal generally has a
low information content, so that a relatively small portion of the bandwidth of the
transmission medium is required to transmit the high frequency component.

If the filter unit 28 is in an adaptive predictive form, the filter unit 28 is
moreover meant to generate a prediction of the digital information signal itself. To realize

30 such functioning, the filter unit 28 requires information about the digital information signal
itself to generate such prediction, or requires information about the difference signal, for the
reason to make the difference signal minimal. The difterence signal thus obtained has an
even smaller information content.

As has been said earlier, if the filter unit 28 is an adaptive prediction filter, the
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processing m?es sa;[nt];i‘e ?’%g%f %‘hcf s?gr;[al to f;,. The signal thus obtained is supplied to an input of a filter
unit 72. The output 76 of the filter unit 72 is coupled to a first input 78 of a signal
combination unit 80 which is in the form of an adder unit.

20 Another output 66 of the demultiplexer unit 62 is coupled to a second input 82
of the adder unit 80. The demultiplexer unit 62 is capable of retrieving the difference signal
from the transmission signal and to supply the .signal so retrieved to the output 66. An output
86 of the adder unit 80 is coupled to an output 90 of the receiver. if required via a D/A
converter 88. The receiver may in addition be provided with a second /A converter, not

25 shown, which has an input coupled to the output 64 of the demultiplexer unit 62 and an
output coupled to another output terminal, not shown. _

The functioning of the receiver of figure 2 is as follows. The demultiplexer unit
62 retrieves the downsampled low frequency componem of the digital information signal and
supplies this signal at the output 64.

30 The downsampled low frequency component having the sampling rate {5 is
supplied to the upsampler unit 70. The upsampler unit 72 upsamples the signal applied to its
input again by a factor of 2, by adding a zero-vaiued sample in between each two subsequent
samples of the signal supplied to its input. The signal generated at its output now has a

sampling rate of {,.
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The adder unit 80 combines the signal components supplied to its input 78 and 82 and
supplies a replica of the original digital information signal to its output 86 with a sampling
rate f,;. The D/A converter 88 which may be present, is controlled by the frequency f,, and
converts the replica of the digital information signal into an analog signal having a bandwidth
of £, /2.

A prior art receiver, shown in figure 3, is provided with a demultiplexer unit
62 which is capable of retrieving the low frequency component of the digital information
signal, having the sampling frequency f,. from the transmission signal transmitted via the
transmission medium TRM. The receiver has a D/A converter 92, which is controlled by a
frequency f,,, so that analog version of the low frequency component of the digital
information signal, having a bandwidth of f,/2 is supplied to the output 94.

Figure 4 shows another embodiment of the transmitter. The transmitter of
figure 4 shows a large resemblance with the transmitter of figure 1. In addition to the
elements shown in figure 1, the transmitter of figure 4 shows a data compression unit 42
coupled between the output of the subtractor unit 34 and the input 46 of the combination unit
20. The data compression unit 42 realises a data comp}ession on the signal applied to its
input so as to obtain a data compressed difference signal of an even lower data content.

The data compressor unit 42 may comprise an entropy encoder, such as a
Huffmann encoder, well known in the art. In another elaboration of the data compression
unit 42, shown in figure 6, the compression unit 42* comprises a prediction filter 56 and a
Huffmann encoder 58.

The data compression realized in the compression unit 42 or 42°, as described



the lowpass filter unit 8 with a rate of f[err] sanples per second. f[err]
Is assuned to be equal to 10 192 kHz, in this exanple. The | owpass filter
10 has a cut off frequency f[err] which is assuned to be equal to 48
kHz as a maxj Mo Iﬁe | owpass filter 10 thus filters out thigll,w?uency
conponent of the digital information sign& and supplies thi S
filtered version to the downsanpler 12 with a rate of f[err] sanples
per secondabovpeisdanwaangdeiethe mamepf dassigseepmpyession. downsanpl e the si gnal
applied to its out fact or : 3o S i - arpl es 15
I's del eted. The do%@%%?%?‘{‘%ﬁ’g’(;&gﬁeg?eﬁ o(\’ﬁndégﬂng?g%;vcgﬁ’gfkggr}%fl ﬁ,?"a'g

| owpass fi ¢aupledcbetween the pyipuh 14\pf thefilteamnit @fanfi[the Mpiv]8 afhthe ltoimbir@Gork kit t o
t he i nput f_.t i pat | ' 0, I NRUL

upsamplor 55 BndS SpESER AR & 3Mhrbaloh rneidiun soplf 0 Sreblity sBivpdrkfy of e
by a f aét odiginl iBformatidresipnalsent exanple, so that it restores the sanple
rate to f[err]. ilter unit 2 e function to

T f 8 h
i o at 1 bast ¢ RS GRE CPRESIOE B2 By STTRIE AR Bl SR A Tt - on

si gnal supHuffafink enddder, Wil kndvai il hékrt] or the dofbRRANGEoL # predictioh TBtes hfthal
applied to_its input 26. The subtractor unit 34 subtracts the |ow frequency

cormponent HuHBne geroder. asdissussad abovswith referencstp B8 6+ om t he wi deband

di gi tal informati OnFigure 5 ShPanotép RiribB&inieRt dfe irdtiver. 2fhe SeiferdTSigule 5ONI Y
t he hi qg frequency conponent of the digital i nformati on signal appears
u

at t he 18ut Pows3glatge resrantiancerith b regeier 94 figyrerh dn grditiap i B elerggny shoyy in
has a o DRGEEHe ROTI A SrowE stk b IR SORPIATRW AR Suvlt
the bandwi 66 bf the demaltiplexer unid62rand Shoinped oibi gddes quitr&d The dataexpansiont he

hi gh frequ . . ) f ) ! . b 28.1.s 1 n an
adaptive p'?r({a]glg‘(‘: [ ve&;}g{rﬁnti'11 Ny Iot"eﬂrw ﬂ'ﬁllwf! agghéldsm lR‘%n‘gllrtrﬁér’ g%&(ggbt%%xgangit o]
gener at e aexpaedidodifferencd sighad. di gital infornmation signal itself. To-realize
30 sugh functioni filter id, 28 requires inforpation_about the
i gi £ 2151 nf or mat 1 on 728 G ekbarsiSh il s, R, G 39 o) ERPUET B = 1
requires i Hibffmaat desodahondl] kiwrdinf the aan treasitigan @labofadon bhehe data expassiamnurdio

ke Che Syl L SERSE A, b AP SRS AR bl e P
sai d ear| i predictibn fier 100.t er unit 28 is an adaptive prediction filter, the

The receiver may further be provided with a data expansion unit 102 coupled
20 between the output 64 of the demultiplexer unit 62 and the input of the upsampler 70, so as
to realise a data expansion on the data compressed down sampled low frequency component
of the digital information signal. |
The data expansion unit 102 may comprise an entropy decoder, such as a
Huffmann decoder, well known in the art, or the combination of a Huffmann decoder and a
25 prediction filter, as discussed above with reference to figure 7.
Figure 8 shows the transmitter in the form of an apparatus for recording the
digital information signal on a record carrier. The circuit block denoted 102 in figure 8
replaces the circuit diagrams of figure 1 or figure 4. The input terminal | of the recording
apparatus of figure 8 is thus equivalent to the input terminal | in the figures | and 4, and the
30 terminal 21 in figure 8 is equivalent to the output 21 of the signal-combination unit 20 in the
figures |1 and 4. The recording apparatus further comprises writing means 104 for writing the
output signal present at the terminal 21 on the record carrier 108. The record carrier 108 can
be of the magnetic type. In that case, the writing means 104 comprise one or more magnetic

heads 106 for writing the information in a track on the record carrier. In another
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PCT/ 1 B97/ 00463 filter calculates its own filter coefficients and
supplies the fi I ter coefficients (in any form to its output 48 and

“thus.to the ing dgf t he signal conbination unit 20. PCT/IBY7/00463
The conbi natlon unlt 0 conbi nes the signal 9app| led to its inputs into a
seri al data stream suitable for transm ssion via the transm ssion

nmedi um TRM embedimentp the resordyearrgn s ‘éé’ééﬂ‘?ﬂ' TeRPTb Farfigta EWQ‘M‘&I‘“&B‘H@W&’H on
unit 20 will g ﬂ% s‘ﬁﬁgﬁ \\M'lf( eadFor @ﬁunv the i FOMmbi R Ok $:hﬁre§'h&i?@|carrler
conbi nati on unl? wel | known 1 n e art

transm ssi onThemrumngnedm igenegally @smz,rsssta @ﬁ@mhéhcwmgalmleé@’r@aﬂw leﬂ@,qd}"g the
such as a ma . carrier. The transm ssion signal is

transmtted \%&h tﬁ be’ ﬁd&??ﬂ%é&%ﬁﬂ 3dium TRMto a receiver. 10

Fi gure 2 shows an enbfijuneftshows merrecaiz\'verein tlfa)fnrmewfah\abpgamhéoxtnepnﬂming then

ISImQ(r;?lmi? ingnr 5&%&11?&;11%%05 Ql%glaﬁfﬁ(grm e Fe% | %?rtjeg];] g‘h?h ggﬁn tlnﬁlgﬁ:qghado'le%:?f\h%: ig figure 9
recei ved Vi ardpiaes tHeldircofl diﬁgranﬁeﬂﬂélirblll @'X@gure 5. The! fdnﬁmﬁ%() ohéhe reproducing

dérul ti pl exer unit apl e of t n f||tere
downsanpl o FRRRGHEHOBAENRY B caomalib i BF T 5 G 4e SeraRIFRST S 027 48 on
signal and 1fgufeyRRindes anbitke &it nahnmmlqmm ufe eaﬁ@d@vm@ﬁ g0 feSduigut teanmufamm
is 96 kHz to an upsanpler 70. The er 70 upsanpl es the signal

suppl i ed Yo pf thejmeeriverpf the ﬁaws? a9 52 Th§6°ﬂ’ﬁ‘&t¢'ﬂgt appaustugher comprises wadipg e
rate of the ﬁegﬁsal 12 for r&ﬁ'iﬁé thegfg?ﬁ?egﬂtﬂlad bhwse ﬂ?&:ﬂ'cﬁﬁ?z r 1198 SHA RS ﬁg,gwgame

i nput of a f ut 76 of the |ter unit
coupl ed to asighalgead n'ptutp tlreumm 0. sTlgnr&cord carrieg dBicambe ohthgrinagngtic wipechn that

in the form Qiseaﬂle f H{}hﬁs l%ocom rise one or more mdm I?I@!ldspo%P re@xgmgthé he
'S & nput

dermul ti pl exer uhit coup ed td a secon
- information from a track on the record carrier. In another embodiment, the record carrier

15 108 is an optical record carrier. The reading means 112 now comprise an optical read head
for reading the information from a track on the record carrier. The reading means 112
generally comprise a channel decoding unit for channel decoding the signal read from the
record carrier, priof to further processing the said signal.

The measures in accordance with the invention described above, tall under the

20 general name of frequency scalability, in the sense that output signals of different frequency
ranges can be retrieved upon reception.

Whilst the invention has been described with reference to preferred
embodiments thereof, it is to be understood that these are not limitative examples. Thus,
various modifications may become apparent to those skilled in the art, without departing

25 from the scope of the invention, as defined by the claims.

Further, the invention lies in each and every novel feature or combination of

features.



of the adder unit 80. The demultiplexer unit 62 is capable of retrieving

the difference signal fromthe transm ssion signal and to supply the
signal so retrieved to the output 66. An output 86 of the adder unit
80 is coupled an output 90 of the receiver. if required v

converter 8¥9 9?%@7‘Fece| ver may in additiog be provided w | P c@@’é@éﬁd D/A
converter, not 25 shown, which has an input coupled to the output 64 of

the denul tCpABMSr unit 62 and an out put coupl ed to anot her out put
term nal, not shown. The funct i dhis Blipeidias BRA R Ec@dVEf of
figure 2 is as follows. The denultipl exer unit

downsanpl ed | ow frequency conponent of the digital ﬁlm ,% naI and
supplies this signal at the output 64. 30 anpl ed

| ow frequency conponent having the sanpling rate f[err] is supplied to
t he upsanpler unit 70. The upsanpler unit 72 upsanples the signal applied
to its i nput again by a factor of 2, b?/ adding a zero-val ued sanple in
bet ween eakbh two subraespigtar for transmisting 2 dighnl infasmaligsignal BpYing @spedific fizst

i nput . Thesatsnlpgrqg fregﬁé}l%agg }%Esmgﬁono Hed an, RV KRR compn§|ﬁgp| ing rate of

flerr]. 7

PCT/ | B97/ O0#hpit means for receiving the digitdhiafdrivktien sipml thaviflg thenspetific Sustesamplingis

the filter_unit 28 of the transmtter, has the function to predict at
| east t he FeWEPPaquency conponent of the original digital i nf or mati on
signal §n I ffspAksemesnst fop ldwmaaﬁltaml andc&m;am;ﬂ|mgrtpc1ﬂigitilhefmmglimi sigialsso

ggt g:c n;a ﬂeaa;gfgé}btqiggﬁcl)\ggass f?tered versgon ot t?w dngna{ mto 1au<s>n gl?;ﬁ:ﬂ havmg a? si[)eQ: lcI nput
second sampling frequency which is smaller than the first sampling frequency,
- second filter means for carrying out a signal processing on the digital information signal
which is equivalent to the signal processing carried out on the digital information signal by
10 the first filter means, followed by upsampling the lowpass filtered version of the digital

information signal having the specific second sampling frequency, so as lo-obtain an
upsampled version of the digital information signal having a specific third sampling
frequency which is substantially equal to the first sampling frequency,
- third filter means for carrying out a filtering on the upsampled version of the digital

15 information signal so as to obtain a second filtered version of the digital information signal,
- first signal combination means for combining the digital infurn_mti.on signal and the second
filtered version of the digital information signal so as to obtain a difterence signal,
- second signal combination means for combining the lowpass filtered version of the digital
information signal and the difference signal so as to obtain a transmission signal for

20 transmission via the transmission medium.
2. Transmitter as claimed in claim 1, characterized in that data compression means
(42) are provided for data compressing the difference signal so as to obtain a data
compressed difference signal, the second signal combination means being adapted to combine
the lowpass filtered version of the digital information signal and the data compressed differ-

25 ence signal so as to obtain said transmission signal for transmission via the transmission
medium. .
3. Transmitter as claimed in claim 1 or 2, characterized in that data compression
means are provided for data compressing the lowpass filtered version of the digital

information signal so as to obtain a data compressed lowpass filtered version of the digital
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5 | f thef Hnlt 72|s an adaptive prediction filter, it
requires filter coefficie as edhe filter to its proper shape. In
such an enbodi ment of the u demul ti pl exer unit 62 is al so
capabl e of retrwewragnthe ients, as generated by

prediction filter 28 of the transmtter, Ifromthe transm sSI OR st gnal
and to supply tpe coeff.icients to an output 68, which is coupled to an

i nput 96 of t HB %W@Eﬁ)rbflg% the |spcopd signah gpmbination means being Firptaticlodomibinecthe kata
unit 62 is al senpreedd Rwphss' MidrédEVdr§ien bhﬂ!edd fnftzﬁ dr?ﬂﬁﬁal@h%ﬁ%l and the d\{m:rgnhcgl signal

relates to the |gh f requency conponent of rmati on sSi
fromthe Gf son datp compresssdy s ps hebtaia Ssuptmnymtssren dighélefioe mes:msgmhrtattbe
the input 82 qfankhifsiof deddidmi t 80. The adder unit 80 conbines the
signal conponents supplied to its input 78 and 82 and supplies a
replica of 3 é" origi naITfafithllttqlaMMmadmt claim 3| groal3, wheieirsthelthipd! Filt8H mehdshare
sanpling 15 [ onverter 88 which may be present, is
controlled by t @“’terlgé(&%t}tog é%]‘gand converts the replica of the

]Eil[ gi tiat} 2| nf or dati on si gj?tansmmnrcasa:tmmamim@lamt gnwher’eﬁ\\r/]th@%a%ub@'ﬁ?éﬂ‘iéﬂitoh filter me2hs
err receiver, shown in figure 3, |5

provi ded witha r?ulﬁdttf’ﬁe'é&%(ra\ por?dl%onafr"eré’ﬂe igaNts Hthe Second cpmbingtion areane(2Ong
the | ow frequéeng forthgroadapted &f cdritingl ihgi prédictidhf MieFRbéBRierd sosak%'%m r{]ﬁ Od ng

the sanpli rr] fromthe transm ssion signal {ransnit
t he tfrtgng'rr?tggslglg%lﬁxﬁlg elUm TRM The receiver has a D/ A converter

which is cont6ol | ed by Taansmitterfak @RURREN dihiff 2 L 159 gt el
the | ow frequenc%ré onent of the digital o Porlrgnatp?gﬁéao&“*gﬁmﬁmﬂb

a bandwi dt h of° ‘Zomée%cﬂﬁ'ﬁgl"&“ﬁo the out put 94.

Fi gure 4 showg. anot hermmmtemlu Ahed fecidil L fhansm tter of
figure 4 shows a | ar ge resenbl ance W t ec%]“a?rgglr‘ts&n%ﬁ%rf"m tngtdmta C@ﬂ’lpéesi’onl"i’f“"s
addition to tReMPrises seqopgprediction Silisr imeany gulrtmtmpy etadinganemist t er of figure

4 shows a j@at g conpres§iHomiisk 9 en the output of the
subtractor unjt 34 and the | nphst’ éﬁ’éned in 'gMc(Ib n'é{{"?rS‘H SAid; gntropy eneggingrmgans is

dat a corrpress}'b'r‘?elfﬂ!'“t ofia Hlé'@mans@smi;rdata conpression on the signal applied

toits i gput so a co sed dj.fference signal of an
even | ower datgg cont en?rarnggﬁm 2 Blafhncithhng on?:ﬁcg 'E%Pﬁc?@fgp?lé'é@m’"hﬁfﬁ%f s fingty

conprise an efmming fequeyrs 192kHz asd said seconttighhpmRNr@peRgek o6l known in
&f‘l unit 42, shown

the art. In apgpther el e_data caqnpressi
in figure 6, the conpr‘g'tsﬁglg@#eﬁ%sla Efﬂ B AREd p’bﬁ"é’ﬂléc‘t‘i"ﬁﬁ fhel wansmizer daing

a 20 in the form of an apparatus for recording the digital information signal on a record carrier.
1l. Record carrier obtained with the transmitter as claimed in claim 10,
12. Record carrier as claimed in claim 11, wherein the record carrier is of the

optical or magnetic recording type.
13. Receiver for receiving a transmission signal from a transmission medium and
25 generating a digital information signal therefrom having a first sampling frequency, the trans-
mission signal being generated by the transmitter as claimed in anyone of the claims 1 to 10,
the receiver comprising
- retrieval means for retrieving the transmission signal from the transmission medium,
- demultiplexer means for deriving the lowpass filtered version of the digital information
30 signal and the difference signal from the transmission signal,
- upsampling means for upsampling the lowpass filtered version of the digital information
signal so as to obtain an upsampled version of the digital information signal having a speciﬁu
third sampling frequency which is substantially cqual to the first sampling frequency,

- filter means for carrying out a filtering on the upsampled version of the digital information
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Huf f mann encoder 58. The data conpression realized in the

conpression unit 42 or 42', as described WO 97/ 42742

8 . PCT/ 1 B97/ 00463 above, is known under the
name of | ossl eqp 99@8HRE €SSi onN. , The transm tt eicTimymdosdst her
be provided with a data corrpressi on unit 5212 coupl ed between the out put
14 of the filter unit 8 and t i pput, 18 of t.he combi nation unit 20,
so as to real¥&ngl 3P aoLHRR I TEle ‘?‘QYFrﬂﬂ" Pﬁg‘edhwlé'gﬁr&’@lf“ls&ﬁa *r equency

conponent of tdigal &ﬂblﬂhﬁ(ﬁﬂl mbdHs ForEInhtiIfing ivgtNfAhered version of the digital infofMatishat a
conpressor unit 52 may conprise an entropy encoder, such as a Huf f mann

encoder, wel Isigaabapd tha dgﬁﬁ@'e@getmgr@} sq fsetociain said idigitab infarmpignstenalon il t er
and a FUff mann eNERESEr sA8aitied i BRRA 13D MeuiiipIERt HBRCRiAadapitd"6 6.
Figure 5 shoms “anot her enbodi nen e recelver e recelver 0 Igure 5
10 ‘shows & |ratrigee aebﬁ&mnmmwhtxhdataaommwddtmm|tl3,;mrens2nss1qn sghal.tthon to
the-el enents t | S

expansi on uni’?zkg‘%?g{éﬁ%ﬁr bgl%eér%gﬁei%d t% 2 dggl sz)?&w 'q]e;g;é B ag't‘l élgbtgm I' exe%ﬁm
Uit 62 and twiech ispdata 8paoded. he adder unit 80. The data expansi on uni t

84' real i ses ata expans. nal I d put sp .as
obtain a dat glsd ex&g ”'é'gr o) #]'fl. egn 'Fgln (f)p' gh éemult:pﬁexer means ﬁ)‘ﬂ ﬁéﬁP}fd
expansi on unl to réfievdy lmopms filtered vessitinr sfilie digiraliinforntatiod sigsal a:vhlch ls daitaf f mann

decoder, known art. .In another elaboration . of th
H TNPress rom € ransmlssmn signa 1€ receiver urther pemse I'OVl Wl al
expansi onl || compressed from the & gnal. urther being p ith data

expansion means so as to obtain a lowpass filtered version of the digital information signal
which is data expanded.
16. Receiver as claimed in claim 13, 14 or 15, further comprising
- D/A conversion means for D/A converting the digital information signal with the first
15 sampling frequency.
17. Receiver as claimed in claim 13, 14, 1§ or 16, wherein the filter means are
adaptive prediction filter means.
18. Receiver as claimed in claim 17, wherein the demultiplexing means further
being adapted to derive the filter coefficients for the adaptive prediction filter means from the
20 transmission signal.
19. Receiver as claimed in claim 14 or 15, wherein the data expansion means
comprises entropy decoding means.
20. Receiver as claimed in claim 14 or 15, wherein the data expansion means
comprises entropy decoding means and second prediction filter means.
25 21 Receiver as claimed in claim 19 or 20. wherein said entropy decoding means
comprise a Huffman decoder.
22. Receiver as claimed in claim 13, characterized in that it further comprises
channel ‘decoding means accommodated between the retrieval means and the demultiplexer
means.
30 23. Transmitter as claimed in claim I, characterized in that it further comprises
channel encoding means for channe! encoding the transmission signal prior to transmission.
24, Method of transmitting a digital information signal having a specific first
sampling frequency via a transmission medium, the method comprising the steps of

- receiving the digital information signal having the specific first sampling frequency,
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84, shown in figure 7, the expansion unit 84" conprises a Huffmann decoder
98 and a prediction filter 100. The recei ver may
further be provided with a data expansion unit 102 coupled 20 between the
out put " 64 of “;(pgz,fﬁﬁul tiplexer unit 62 and the input of the pEsHIRsRE 70,
S0 as to realise a data expansi on on k¥he data conpressed down sanpl ed
| ow frequency conponent. of the digital information signal.

The data exp@wsrwriilipting and donaserepiing the dighial iafarmaygn ﬂ%d%’ras g AbRrin,3 lowpass
Huf f mann dgﬁlﬁ’é}% veréfo |of‘iﬁ@%uhﬂnf&?ﬁaﬁ‘6& sigtdl. RdVineCo SRLR QA ChmBlifd FrEqRAL)

decoder an predi ction lter, as dr scussed above with reference to
figure 7. whichis Smallef than thelﬁrgl;a@pengﬁmnc\he transmtter in the form of

an apparat us f (o) card
carrier. The ¢l %8@ {)ﬁgﬁ@ p&]&%ostmegdo'lgif% %?alg |'dgt§{"%lgﬁ ts{gg d ‘rgiélg??cee '“’taﬂeé]{ to-e
cirrcuit (i agigrabtpraekssinggearsed oatronf thg digitallinfdrnatiom sighaltie the osvpads fdferinpand
recordi ng

tor o nal 01 down RNk, Tanoed )y nayPye NE AR BBl vhich W b ity
\feqw val ent ihgortﬂaﬁommtgpalthaaihgaﬁe hﬁte:ﬂm @Elﬂidfsam;ﬂbhgl&tmimcylmotaSZG obfairi e
lgures 1 and 4 L eco ratus further, conpri.ses iting nmeans
109 T or wr L epgpleRgersion ot e SRRy SndlHeind G Ber B Ry HLsmBIR ¢ ho
record car rfr@c{ueﬂ&meEhQs &ﬂfs&hdamyaéquwo th® $irst ampling frfueddy,t he magnetic
type. In_that case, F vvrltlng means 104 conprise one _or nore pagnetic

heads 168 fofar@ing nga iering, o (AR PRSTPIEch varSioR R KheHERA dn/PETEicn SHERal fauts to)

anot her obtain a second K&&r8d Aérdibft Df the digital information signal, 9
PCT/ 1 B97/ 00463 enbodi ment, the récord carrier 108 i s an optical

record carrieqmbining thg mgptﬁlgmfpé@ﬁgmh@mml and the second filtered version of the digital
information signal so as to obtain a difference signal,

- combining the lowpass filtered version of the digital information signal and the difference

15 signal so as to obtain a transmission signal for transmission via the transmission medium.

R



conprise an optical wite head for witing the information in a track on
the record carrier. The writing neans 104 generally conprise a channel
encodi ng unit, for channel encoding the signal to be recorded, prior
to recordingy, Figure 9 shows the receiver ncmmbmofmrmof
an ‘appar at us Por reprodu0| ng the digital information signal fromthe
record carrier. The circuit bl ock denot e1/4|:ﬁ4 in figure 9 repl aces the
circuit diagrans of figure 2 or figure 5 e termnal 60 of the

r epr oduci ng pparatus of figure 9 is thus equivalent to the input 60
of the denultipl exefs1unit 62 intheg 2_figures 2 and 5, and the out put
termnal 90 in figure 9 is equi 3 the“output termnal 280 10 of the
receiver of the figdres 2 and-57 Fhe- rodygi ng afoparattas fu ther

conpri ses reading , - ng the sis@nal ri\g on the
record carrier i ST rcal i nput
60. The record &f the magneltic tyﬂb case,
t he readi ng nmeahs 132 cdnpfyi $€ On€ Or~ Hore nagnetic heﬁas 1 orreadi ng
1_the' information fromp 6rack d® the recory carridr S

'enbodi ment, the record carfier 15 108 is.anfPgt)i cal fecdroTartiey. The
Jreadl ng means 112 now conpfise an optical*45epd™ead / [ #8or readifig the

information froma track oh the record carr?r. ’- feadi ng nmeans 112
general ly conprise a channgl decoding unit for ghngl f decodi ng t he signal

read fromthe record farrier, pri% 1 PREDICROML JPrjocessing the said

si gnal . he measur es“4 Jacf anpe WM th the invention
descri bed above, fall undey the 20 general_ DrATE fFequency scal ability,
in the sense that output sjgnals of dlfferem requ cy ranges can be
retrieved upon reception. & tlhe invention has been
described with reference to—preferred .‘.5- B&nfs thereof, it is to be
understood that these are not limtative exa ghes hus, Fl@ ﬁ

modi fi cati ons nmay becone apparent to those sK Y-madl the ar ot Hout

departing 25 fromthe scope of the invention, as defined by the clains.
Further, the inventiorgdies in each and every novel feature or conbi nation
of features. 64
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PCT/ 1 B97/ 00463 CLAI V5 1. Transmtter for transmtting a
digital information signal having a specific first sanpl i ng frequency
via a.transm ssivamomeei2um the transmtter conprising - i”ﬂ§?nﬁ?

for receiving the digital information signal having the specific tirst
sanpl i ng frequency, 5 - first filte ns for |owpass filtering
and- downsanpling the digital information sidmal, so as to obtain a

| owpass filtered ver 'in of the digital information signal, having a
specific second Sanpling fregergy ICH is smal]er than the first
sanmpling frequency, - second i for céﬁrylng out "05|gna
ith is eqygvajent to

|rﬁuﬂnvat|bn_ | 10

t he signal procesgi

the first filter v i on
of the digital i hf or Mg
frequency, so as 40 optai sanple i)

|nfornat|on signal having a i fi ﬁﬁlrd Sq i : ich IS

substantlally equal to the first_sanpllﬁg
means for carrying out a filjtering on t
15 information signal so as i
digital information signal
conbining the digital inforn

FIG. 4

102
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filtered version of the digital information signal so as to obtain a

di fference signal, - second signal conbination neans for conbining the
| owpass filtered version of the digital i nformation signal and the

di fference SW a3y as to obtain a transm ssion signal for POr/iBvameIes SSi on
via'the trandm S400 medi um Transmtter as clainmed in
claim1, characterized in that data conpr ?§50n nmeans (42) are

provi ded for data conpressing the dlffere signal so as to obtain a data
conpressed difference signal, the second signal conbination neans being

to obtain said transfisgsi on siggal for transr‘gassmn via the transm ssion

canpressing the | owpass i ormation
ilt red VF'GO f the

REPLACEMENT SHEET WO 97/ 42742

of the digital information signal and the difference signal if so, data

claim1l1, 2 or 3, mher‘mqkthe thggd filter nmeddd are adaptive prediction

adapted to conbi ne t he Iompass filtered version of the digital
i nformation signal d the data conpressed differ- 25 ence signal so as
medi um 3. Tr ans ter as claimpd in claim 1 or 2,
characterized in that data are provided for data
si‘gnal so as to obtain
digi t al 40
PCT/ 1 B97/ 00463 i nformation signal, the second S|gnal conbi nati on neans
Bei ng adapted to conbi ne the data conpressed | owpass filtered version
conpressed, so as to obtain said transm ssion signal for transm ssion via
t he transmi ssi ogghedium 5 4. Transmtter as clained in
filter means. ransmtter as}clained in claim4, wherein
the adaptive prediction filt BlEJCODER | P'}:IEE}ERON
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ar e, adapt edwigPe-aagy ate prediction filter coefficients, ttBEfe%rEMLNT SHEE

conbi nati on neans (20) being further ad@pted to conbine t RETAPTO4SS; o1
filter coefficients so as to obtain said 10 transm ssion = & :
Transm tt CLAEMS| aimed in claim2 or 3, wherein the data ¢ rtdieGE [T
conprises entropy encodi ng neans. 7. Transm tger as -
in claim2 or 3, wherein the data.conpressi on neans cjo rQspﬁpﬁqgwd

prediction filter neans and entropy encodi ng neans. 15 8. &
Transmitter as claimed in claim6 or 7, wherein said entrdpy-enceti-rg-lrans
S in the formof a Huffrman encoder. 9. Transmtter as f
clainmed in anyone of the preceding clains, wherein said first banﬁ%ﬁﬂ#
frequency is 192 kHz and said second sanpling frequency is 96 kHz. 10.
Transnitter. as cl ai Meghsiritnéo? MRnShittiAE aRfigikAdhf@mation S&nal Ring a@@@iﬁéﬁr
being 20 in the formof an apparatus for recording the digital infor Mn
si gnal on sAmpliag faequspey ®ia a transmission medium, thepgansmdtargomprisingyt ai ned wit h

h e [ | i I - .1 . R d '
cl'ai o+ PR} i H BB e o Blelel Ptormaanfenal vaying e SEE P oline
13

magneti c rfeequedey\g type. Recei ver for receiving a

transrr?"ifsi op signal f rog;algt ranstn' ssion nedium and 25 generating a digital
i nf or mat i onflESt SET MG3BF £9T lowPRSS, flgnne #nd dewasamnlingghe digiabifgrmatinn sigeals so

m ssi on signgl o&?g@lo&ﬁﬁﬂt ﬁfl@i“éd R¥rdidie of HitN@iglehit igforﬁﬁtiﬁ{i @é?g . Ha@ir‘}nél Qéhgg? or

the\elains 1 to , e recelver conprfsin I eval® me
retrievi ngsecoral saraplsng frequency imgriett isf smatier hisant therfinsi ssplingnfeequenty, -
demul ti pl exer s for deriving the |owass filtered versiqon of the .

i gi tal i it SERRY BT S T FArTYAE; Ol 2 A oSSy S) gl fnformation signal

transm ssiwhichiigeghivalent to the & tdcBésinEeediFied Qut BR IR BIgitAin¥HiEn faﬁpﬁ?ﬁ
filtered version gif] the di it?ﬁpgfornétlon si gnal ggo las toAtobta nlé’ﬁ

upsanpl@d thefissiohlter means, dolipwed by npssmmlingdhe dowpess Tigvddnyersios mfthé idigital

1 equency nroiakof WERE Ml B (- OREAN Labbie Pty P Pt ™ ' 19
upsanpl ed upsampied wdrsibh @f dhetighthl infbrdiativhi ihal having a specific third sampling

frequency which is substantially equal to the first sampling frequency,

- third filter means for carrying out a filtering on the upsampled version of the digital
15  information signal so as to obtain a second filtered version of the digital information signal,
- first signal combination means for combining the digital information signal and the second
o filtered version of the digital information signal so as to obtain a difference signal,
- second signal combination means for combining the lowpass filtered version of the digital
information signal and the difference signal so as to obtain a transmission signal for
20 transmission via the transmission medium.
2. Transmitter as claimed in claim 1, characterized in that data compression means
(42) are provided for data compressing the difference signal so as to obtain a data
compressed difference signal, the second signal combination means being adapted to combine
the lowpass filtered version of the digital information signal and the data compressed differ-
25 ence signal so as to obtain said transmission signal for transmission via the transmission
medium.
3. Transmitter as claimed in claim | or 2, characterized in that data compression
means are provided for data compressing the lowpass filtered version of the digital

information signal so as to obtain a data compressed lowpass filtered version of the digital
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PCT/IBQ?/O(Z)‘Z(? 2 signal so as to obtaihla filtered version of the
digital information signal, - signal conbination neans for conbi ning

the filteriaforwation gignal, théréeadngdisignial combimation oyeans being jagapted amdomhine the data
di fference signal ;5o as tQ obtain said, digi.tal .infornmation si s 14.
Recei ver &9 S?Sﬁ‘é ovapps&fggeﬁq ‘:‘s‘e,rsfﬁemgg?nﬁl a’iagr"éﬁzﬂ?aqﬁ%’a%%“%é‘f‘ﬂ3{’1%8%{8’1’8'&“%%g“a’
-5 retri evepsdli fRLEOMpRsHY I hs W bBRin Said MadsHRHBA A fdr waRsilission via the
transm ssion signal; the ™~ receiver further being provided with data
expansi on mammissen mediug.obt ai n a difference signal which is data
expanded. 15 ..... Regei ver. . i Al naclal . t

derul ti €| dker means Tmsﬂ'ﬁu%{a%fpé@a“% maa?@ ?é?(ra?e”\‘/ew l{ée@gv\%%&;?# |ﬁ?t %Fneegﬁs are
ver si on ofadaggvgbgédi@ionimi@rmnispn signal which is data 10 conpressed from
the transm ssion signal, the receiver further being provided with data
expansi on $eans so dIansmiven 2§ daimadofpaid #i whereay! pye predigiondfiligrimeans
~information_siganal %i Jd . P AR
~as cl ai rredarlenddg;%finﬁo gfg, A&Jg?]cﬁg‘gﬁtgf 1(22 ﬁég?ﬁ?gg%brﬂ}essleﬁaﬂtpcombx_n B?'A"E%ﬁg?rﬁél on

-nmeans for B¥iAg FenNEr ddapied itheomtbiyiet thk prediciorefiltemcoeificiedts b tab to lobtain ssid 15

sanpl i na frequency. . 17. Receiver as clained in claim 13, 14,
15 or 18, VARYRSHOR signg} | ter neans are adaptive prediction filter
means. 6. 18. Tr?nsnﬁﬁ&eéélélﬁin?éd fnl @hied dr® Ghiddreinlife d¥RSSoMpredsich means
demult i pl exi ng means further bei ng adapted to derive the filter

coef fi ci entemprsest dntropy #pcddimg preans.ction filter neans fromthe

| 7. Transmitter as claimed in claim 2 or 3, wherein the data compression means

comprises second prediction filter means and entropy encoding means.
15 8. Transmitter as claimed in claim 6 or 7, whErein said entropy encoding means is

in the form of a Huffman encoder.
0. Transmitter as claimed in anyone of the preceding claims, wherein said first
sampling frequency is 192 kHz and said second sampling frequency is 96 kHz. |
10. Transmitter as claimed in anyone of the preceding claims, the transmitter being

20 in the form of an apparatus for recording the digital information signal on a record carrier.

11. Record carrier obtained with the transmitter as claimed in claim 0.
Y 12. Record carrier as claimed in claim 11, wherein the record carrier is of the
’ optical or magnetic recording type.
13. Receiver for receiving a transmission signal from a transmission medium and

25 generating a digital information signal therefrom having a first sampling frequency, the trans-
" mission signal being genei':ated by the transmitter as claimed in anyone of the claims 1 to 10,

the receiver comprising |
- retrieval means for retrieving the transmission signal from the transmission medium,
- demultiplexer means for deriving the lowpass filtered version of the digital information

30 signal and the difference signal from the transmission signal,
- upsampling means for upsampling the lowpass filtered version of the digital inform'ation
signal so as to obtain an upsampled version of the digital information signal having a specific
third sampling frequency which is substantially equal to the first sampling frequency,

- filter means for carrying out a filtering on the upsampled version of the-digital-information—
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20 transmission signal. 19. Recei ver as cl aR%ﬁuAnC&IiminﬁMQﬁEET
or 15, Merm‘,}‘@?pdata expansi on neans.. . ._.conprises entropyPraBaTide

nmeans. Recei ver as clalned i'm claiml14 or 15, wherein the

dat a expanS|on means conpri ses entrosyggecodlng means and second
prediction filter neans. 25 21. ceiver as clainmed in claim 19

or 20, wherein said entropy decodi ng neans conprise a Huffman decoder

22. Receiver as clained in claim 13, characterized in that it

further conprises i channel decodi ng nmeans accomrpdat ed between the

retrieval neans andsthe denultkflexer means. 30 23.

Transmtter as clainmedsn claim’l, characterized in that it further

conpri ses channel encoding nmeans for_channel encodlng t he transm ssion
signal prior to trans siohpRE]CﬂOMNL HUFHWMWB hodzpf transmtting a
digital information m%nal haviLIER a Speci iENCODERt sarrpTF'r@fr guency
via a transm ssion ned the nethod conprrsing the s(eps 0

recei ving the dlgltal4pnfornat|on si gnal haV|ng t he sﬁé0|f|c first sanpling

frequency, WO 97/ 42742 13
PCT/ 1 B97/ 00463 - lowpass filtering and downsanpling the digital
information signal, so as to obtain a | owass filtered version of the
digital information signal. having a specific second sanpling frequency
which is smaller than the first sanpling frequency. - carrying out a
sig processing & the digital information signal which is equivalent to
t he
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5 signal
‘| owpass filtering and

| owpass filtered version of the digital I'nf or mati on
speci fic second sanpling frequency, so as to obtain an
version of the di q)@g‘ i nf or NMatwoRd ieQRStuADRSIeRE: cRoNRAFLE kY
frequency which is suUbstantially equal ‘reraforbBeepy st sanpling frequency, 10
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{S7) Abstract

obtained is also transmitted.

A transmitter is disclosed for transmitting a digital information signal having i ing i

. ter is d  for t i 8 & specific first sampling frequency (fy;) via 2 transmission
medu_m_x. The dlglt?l mt:ormauon SIgI!ﬂl is _lawpass filtered (10) and down sampled (12) so as to obtain a lowcf)!"eqﬁe)ncy component of
the digital information signal. This signal is transmitted via the transmission medium (TRM). Further the low frequency component is
upsampled (22) and filtered (28) and subsequently subtracted (34) from the original digital information signal. The difference signal thus




