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PCT/ 1 BQ6/ 00654 "Digital transm ssion system transmtter, receiver,
equi val ent wangd/azgosi gnal , and transm ssion nethod" The preserge Mﬁ&i}sgn
relates to a digital transm ssion systen1donprjsing atransmtter wth an
encodi ng_devi ce for _encodi ng an anal og source signal into an equival ent

anal og si Bigiial transmissioncysteit-t FRASTHESR TPESIYR]» £apivalent apalgg tsignal,denbdi ng
device fgby, -g@hggahgg.equivalent anal og signal into a reconstructed
anal og signal, a transm ssion nmedium5 for conveying the equival ent
anal og signal to the receiver, the encoding device conprising digitizing
means for digitizing the analog signal into a digital signal, and

deconposi tion neans for deconposing the digital signal into the equival ent
anal og signal, whereby the equival ent anal og signal conprises equival ent
anal og signal conponents representing respective bit groups of the digital
signal. 10 The preseftripventionerelates toca wigital transiméssioncsystess compaising a
transmtter and tq.a receiyer far di gi t.al- trangm ssion system to an

equi val e FansIRties L g Encodife dpves Tor tofiha s AVFIGE OFCS ARfRY thigyan equivalent
transm Sﬁhﬂﬂﬁgigﬁaﬁ rﬂm@fsgitéﬂh FPREE cbm?ﬁsi‘n KRReivef WAR 4 @ecdding deriee30r Bedddirg
application No.” 0 115 319. In EP 0 115 319 a system for transm ssion of

anal og sthgnequivalentanalogisignalrintg @ seconpigucted analeg signal,i ansha transmissionamedium

anal of. - SHARVERL T papiVElent PR SR I R VB it Y SRCRAn opfe comprising
anal 0g- t @igdfifink Theans Toe BightiziRe theimdless sighgl inds ARHgital REARI Pard Bécumiposiich f ed
to a nmultiplexer that supplies the respective bit .groups to an .
di gi t al - means forodecomppsingethe digitabsignal pgo the equivalentranaleg sigoal, dvherebye thees

of PAM si gnal éh@% [ epr ent the anal soulrce.si nal . The series .of

PAM si gn S valEntaidlon SEnaT comprises <aivaligs ABlog signal components seprstenine.,

respective bit groups of the digital signal.

10 The present invention further relates to a transmitter and to a receiver for

a digital transmission system, to an equivalent analog signal, and to a transmission method.

A digital transmission systém of the above kind is known from the

15 European patent application No. 0 115 319. In EP 0 115319 a system for transmission of
analog signals, e.g. audio or video signals, is described in which an analog source signal to
be transmitted is sampled by means of an analbg-to—digital converter. From a digital output
signal of the analog-to-digital converter bit grdups are formed. These bit groups are fed to a
multiplexer that supplies the respective bit groups to an digital-to-analog converter. Herewith

20 the bit groups provide a series of PAM-signals that represent the analog source signal. The
series of PAM-signals is decoded by means of a reverse process so as to obtain a
reconstructed analog signal. Although in view of still prior systems such a system achieves a
bandwidth reduction, the total bandwidth to transmit an analog signal is_still considerable,
e.g. with three sub-samples as described in a:. embodiment, the transmission bandwidth is

25 greater than six times the bandwidth of the analog source signal, e.g. an audio signal.
Besides, because of applying time division multiplexing of the sub-samples, both frame

synchronisation at encoding and decoding side is needed, as well as symbol synchronisation.



reconstructed anal og signal. Although in view of still prior systems such a
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channel, and | eSs significant _bits being : A
being scaled down so as to fit into the lesser quality channel, and less significant bits being

scaled up so as to fully occupy the lesser quality channel.
In an embodiment of a digital transmission system according to the
15 present invention, for the purpose of channel alignment at the .side' of the receiver, the
transmitter comprises a pattern' generator for generating an alignment pattern which is
conveyed at given instants fo the receiver instead of the digital signal. Herewith, a possible
amplitude and/or phase mismatch of the parallel channels, e.g. due to different propagation
times, can be aligned. Under practical circumstances, with slowly varying propagation
20 conditions, such an alignment can be a long term calibration of the channels.
Ina furthé; embodiment of a digital transmission system according to the
~ present invention, the transmitter is further provided with a signal pause detector for
detecting signal pauses of the analog source signal, and the transmitter is arranged to select
the given instants of time on the basis of a mode selection signal generated by the signal
25 -pause detector. It is achieved that the calibration of the channels can be done during signal
pauses. The mode selection signal is transmitted to the decoding device.

In an embodiment of the digital transmission system, the analog input
signal is a stereo signal of which respective left and right channels are divided over three
analog transmission channels, two of them conveying scaled up equivalent analog signals

30 corresponding to less significant bit groups of the respective sampled left and right channels,
and one of them conveying similar equivalent analog signals corresponding to more
significant bit groups of the sampled left and right channel.

In a still further embodiment of the digital transmission system according

to the present invention, the transmission medium is wireless.



scaled up so as to fully occupy the lesser quality channel. In an
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Fig. 6 shows transmission of control information in a transmitter

15 according to the present invention,
Fig. 7 shows a receiver with a decoding device according to the present
invention, and |
Fig. 8 shows processing of training sequences in a receiver according to
_ the present invention.
20 Throughout the figures the same reference numerals are used for the same

features.

Fig. 1 schematically showé a digital transmission system 1 according to

25 the present invention, comprising a transmitter 2 for transrﬁitting wireless signals 3 and 4 to

respective receivers 5 and 6. The wireless signal.s 3 and 4 can be carrier modulated audio or

video signals, or any other suitable signal within the framework of the present invention. In

case of audio signals, these signals can be CD-quality signals. Instead of a wireless

transmission, such as transmission from a stereo set to wireless speaker sets, the transmission
30 can be wire-bound such as in a cable network. For bi-directional communication, the

-~ transmitter 2, and the receivers S and 6 can also be transceivers. Any suitable carrier
modulation technique can be applied, such as FM or AM. In case of cable transmission, the
respective transmission channels can be formed of a baseband channel and a number of low

frequency subcarrier channels.
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The present invention will now be described, by way of exanple, with

ref erénce twadmosamconpanyi ng drawi ngs, whegein Fig. 1 schenapicgibbeiiocshPVs
a digital transm ssion systemaccording to the 5 present invention, Fig. 2

shows a transmtter wth. ' L6 | r nt ..
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t he presentheipresent inventidiDfor encoding an analog sdtirce signalhAfs Theaincoding iewite
scaling down ip nore detail as _.a functipn of tine, Fig. 5 shows the use of
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present invention, and Fig. 8 shows progcessing .of trajning sequences In
recei ver d@%%%‘b“’?alsmt ?ﬂé‘?‘ﬂﬁ SSB&M‘“\?@H{VPE’PF artalog signal componen $1and $2. The
decomposition means comprises a shift register 12, e.g. 16 bits, for scaling up less

significant bits of the digital signal DS, e.g. the eleven least significant bits of the digital
signal DS, and a shift register 13, e.g. 16 bits, for scaling down more significant bits of the

10 digital signal DS, e.g. the five most significant bits of the digital signal DS. In fact, scaling
up is done by shifting the eleven least significant bits of the digital signal to the most |
significant bit positions of the shift register 12, and zero-filling the remaining bit positions.
The full scale of the scaled up signal is designed and calibrated to be just at the clipping

~ level of the analog channel through which the signal is conveyed. Scaling down is done by

15 directly feeding through the five most significant bits of the digital signal to the most
significant bit positions of the shift register .13, and Zero-ﬁlling the remaining bit positions.
In a practical situation, the shift register 13 can then be dispensed with. The full scale of the
scaled down signal is designed and calibrated to be just at the clipi:ing level of the analog
channel through which the signal is conveyed, i.e. the scaling down process is done

20 implicitly.
The decomposition means further comprises respective digital-to-analog converters 14 and 15 .
for getting the equivalent analog signal components S1 and S2 from the scaled up and scaled
down signals. Reference signals (not shown) of the digital-to—ahalog converters 14 and 15 are
chosen such that just no signal clipping occurs at maximum input signals to the respective

25 converters 14 and 15. Herewith, the full swing of both channels is used without signal
clipping, and with an optimal signal-to-noise ratio. In the examble given, the digital-to-analog
converters 14 and 15 should be at least twelve bit types, but -in practical situations, the more
readily available sixteen bit types are applied, a sixteen bit type being a mass volume type,
and thus cheaper. In case of CD quality signals, the full swing of the analog source signal

30 could be 96 dB, whereas the respective analog channels have only a 70 dB signal-to-noise
ratio. The transmitter 2 further comprises FM modulators 16 and 17 for modulating the
signals S1 and S2. The modulated signal S1 can be a baseband signal, and the modulated
signal S2 can be a sub-channel signal, e.g. at 38 kHz. The modulated signals S1 and S2 are

combined in a combiner 18. In case of wireless transmission, the transmitter 2 further
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Fig. 4 shows scaling up and scaling down in more detail as a function of
time t. The hatched areas show a respective clipping level CL and a noise level NL of an
analog FM transmission channel, e.g. having a 70 dB signal-to-noise ratio. A CD quality

15 signal AS of 96 dB dynamic range cannot go through such a channel without quality loss. In
graph A such a situation is shown. Graph B shows the five most significant bits of the digital
signal DS, and graph C the eleven least significant bits of the digital signal DS. As described
before, the five most significant bits of the digital signal DS are scaled down, and the eleven
least significant bits of the digital signal DS are scaled up such that the bit groups are

20 optimally transmitted through the respective channels. Because of the fact that the first
channel only conveys a very roughly quémtisized version of the analog source signal, though
scaled down, a very robust signal behaviour is achieved, i.e. the transmission channel noise
of this channel becomes negligible.. Because of the scaling up of the least significant eleven
bits aiso the scaled up signal has a robust signal behaviour as to transmission channel noise.

25 At the receiver side, reverse steps are carried out to reconstruct the analog source signal.

- Herewith, the transmission channel noise is cancelled to a great extent.

Fig. 5 shows the use of three parallel channels for conveying a left LCH
and a right channel RCH of a stereo signal AS according to the present invention. As. before,
the left sampled stereo channel is decomposed to the digital-to-analog converters 14 and 15,

30 and, as far as the five most significant bits are concerned, the right sampled stereo channel is
decomposéd to the digital-to-analog converter 15, and, for the eleven least significant bits, to
an analog-to-digital converter 50. Zero-filling as described is schematically indicated with
hatched areas. An output of the digital-to-analog converter 50 is fed to an FM modulator 51
modulating the converted and scaled up eleven bits bit group of the right stereo channel to a
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channel as a unique pattern generated by means of a pattern generator 64 controlled by a

signal SY. The control signals are combined in a combiner 65 and fed to a modulator 66, an
output signal of which is fed to the combiner 18. The control channel is a sub-channei, e.g.
at 100 kHz.

20 ' | Fig. 7 shows the receiver 5 with a decoding device according to the
present invention. The receiver S comprises a receiver front-end 70 which is coupled to a
carrier demodulator 71 at an output of which parallel received equivalent analog signal
components of the transmitted analog soxirce signal are available at subcarriers. In case of a
sixteen bit equivalent signal as transmitted via two parallel channels, the receiver comprises

25 two detection branches, a baseband detector comprising a bandfilter 72 coupled to an analog-
to-digital converter 73 providing a least significant bit group of eleven bits, and a sub- _
channel detector comprising a demodulator. 74 and a filter 75 coupled to an analog-to-digital
converter 76 providing a most significant bit group of five bits. The analog-to-digital
converters 73 and 76 can be sixteen bit converters. Reverse operations as scaling up and/or

30 scaling down being done by means of respective shift registers 77 and 78. The so
reconstructed bit groups representing the analog source signal. in the transmitter 2 are fed to a
digital-to-analog converter 79 at an output of which a reconstructed analog signal is
available, the least significant reconstructed bit group having been shifted to the least
significant bit positions of the digital-to-analog-converter 79, and, in the given example, the
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the digital-to-analog converter 79 or to the training sequence processor 91. In a training
mode, the training sequence j)rocessor 91 evaluates the received digital training sequence as

15 received via two parallel channels, and generates amplitude and/or phase control signals al,
a2,l and pl, p2 for the two channels. In the respecti\.we reception branches, the receiver 2
comprises adjustable phase delays 92 and 93, and adjustable amplifiers 94 and 95, controlled
by the phase control signals p! and p2, and by. the amplitude control signals al and a2,
respectively.

20 in the foregoing an example of scaling up or down of equivalent analog
signals in the transmitter 2 has been given. For practical reasons, either one of scaling up or
scaling down is done in the digital domain, as described. The full scale of the digital-to-
analog converter 15 for the most significant bit group of the digital signal DS can be
calibrated to the clipping level of the relevant transmission channel, e.g. by choosing a

25 proper modulation index of the FM modulator 17. Then, no scaling down in the digital
domain has to be done explicitly for the most significant bit group, but only scaling up in the
digital domain of the least significant bit group so as to avoid drowning in noise of the |
relevant transmission channel. Similarly, the smallest signal of the digital-to-analog converter
14 for the least significant bit group of the signal DS can be adjusted such that it is above the

30 noise level of the relevant transmission channel, e.g. by choosing a proper modulation index
of the FM modulator 16. Then, there is no need for scaling up of the least significant bit
group in the digital domain because this has already been carried out implicitly by analog

. means, but the most significant bit group has to be scaled down in the digital domain 50 as to

avoid clipping in its relevant transmission channel. Although both scaling up and down can



Fig: 4 shows scaling up and scaling down in nore detail as a function of
time t. The hatched areas show a respective clipping |evel CL and a noise

| evel NL of w@9ap3s0wg FM transmi ssion channgl, e.g. having a
signal -to-noise ratio. A CD quality 15 sigﬁal AS of 96 dB dyé%ﬂgﬁhﬁgﬁﬁé

cannot go b | 3. 0 ut ality loss. In graph A such a
si tuation tl;é;ésﬁom@gg{%%ﬁﬁg%ﬁm%’zﬁw\/gqﬁﬁs f}ﬁﬂeﬁhs‘?‘ia(‘,’%g’% thardyyarg g needed
digital sitheml DS, and graph C the el even least significant bits of the
digital signal DS. As described before, the five nost significant bits of
the digital signal DS are scal ed down, and the el even | east significant
bits of the digital signal DS are scaled up such that the bit groups are 20
optimally transmtted through the respective channels. Because of the fact
that the first channel only conveys a very roughly quantisized version of

t he anal og source signal, though scal ed down, a very robust signa

behavi our is achieved, i.e. the transm ssi.on channel noise of this channel
beconmes negligi bl e. Because of the scaling up of the | east significant

el even bits also the scaled up signal has a robust signal behaviour as to
transm ssi on channel noise. 25 At the receiver side, reverse steps are
carried out to reconstruct the anal og source signal. Herewith, the
transm ssi on channel noise is cancelled to a great extent. Fig. 5 shows the
use of three parallel channels for conveying a left LCH and a right channel
RCH of a stereo signal AS according to the present invention. As before,
the left sanpled stereo channel is deconposed to the digital-to-anal og
converters 14 and 15, 30 and, as far as the five nost significant bits are
concerned, the right sanpled stereo channel is deconposed to the

digital -to-anal og converter 15, and, for the eleven |least significant bits,
to an analog-to-digital converter 50. Zero-filling as described is
schematically indicated with hatched areas. An out put of the

digital -to-anal og converter 50 is fed to an FM nodul ator 51



modul ati ng the converted and scal ed up eleven bits b|t group of the right
stereo channel to a WO 97/ 03502 6

PCT/ | B96/ 0@3%0392t her sub-channel . In thg present case, a baethsssosgannel
can be used for the eleven least significant bits of the left stereo
channel , £ Hz sub-channel for the five nost significant bits of the
respecti " and the right 1d a 76 kHz sub-channel for
the el even least significant bits of the right stereo channel. These

nodul ated signals are fed to 5 Herewith, the transm ssion
bandwi dth for a stereo audio s”!lmlmnkmn'mumllo the present invention is
only 50% above a broadcast steréo FM'si dh Fi.g. 6 shows transmi ssion of
control. information in the transmtter 2 accordl ng to the present

i nvention. The node sel ection signal M5 is generated by a signal pause
detector_forned by a cpo tor with stere5|s 60 coupled.to g

filter 6k 10 Herew tmn?gragmsmsa@é ST ComBrSIg - HARSTtish JBrh B Faemg
are det egdvick tﬁ)g,{ahle

5 and 6 via afOFdE\;‘vcggtqg rate co%%rrgél gi?ﬂgln%‘é& hﬁ%ﬁ?ﬁ?ygﬁﬁ%he m)dees Iectlon
si gnal Murther ggmpasmgmmcemr g\aﬂ'ea abmdl@ deiice for detmdmgdte equivalentoasialog

i gnal / k /N is f d b
i o1 di ng VY iBjoL ReeBPaariS] pudlpE Yeral, Hid, F HERmsR mediuh fr GmvergRaRe o/
forneg seqmméﬂﬂ/anaﬁsgr sigN4I6/thé ywewe@nuwéﬂc@axngl&wédﬂ@oxﬁpﬂsxd%cmgaheﬁ& mbsryofor

flerr]/ N1s also transmtted to the receivers and 6 via the control

channel digitizingithpuanales signal igima digital signaheandsdespompopisionaneanscies decompesing
gg“;;g' } @g cﬁéu% %%uﬁgngﬁe g@k@gﬁﬁpkﬁﬂhg UghaR! endeby AR N6Sehafa1 6P HEhRe"

comprises equivalent analog signal components representing respective bit groups of the

digital signal, characterized in that the transmission medium comprises paraliel transmission
10 channels for séparate transmission of the equivalent analog signal components, and in that the

decoding device is arranged for reconstructing the reconstructed analog signal from parallel

received equivalent analog signal components.

2. : A digital transmission system according to claim 1, wherem for the

purpose of channel alignment at the side of the receiver, the transmitter comprises a pattern
15 generator for generating an alignment pattern which is conveyed at given instants to the

receiver instead of the digital signal. '

3. A digital transmission system according to claim 2, wherein the

transmitter is further provided with a signal pause detector for detecting signal pauses of the

analog source signal, and the transmitter is arranged to select the given instants of time on
20 the basis of a mode selection signal generated by the signal pause detector.

4, A digital transmission system according to claim 3, wherein the

transmitter is arranged to transmit the mode selection signal to the receiver so that the

receiver can set itself to a source signal decoding mode or to a pattern alignment mode.

5. A digital transmission system according to claim 1, 2, 3, or 4, wherein

25 the decoding device comprises at least two parallel operating decoding means for

reconstructing respective bit groups from the parallel received equiva)ent analog signal

components, and combining and converting means for combining the reconstructed bit groups

and for converting the combined reconstructed bit groups to the reconstructed analog signal.

6. A digital transmission system according to any one of the claims 1 to 5,



out put signal of which is fed to the conmbiner 18. The control channel is a

fggefcgpnglwﬁ)ghgmziecﬂamunmmﬂullmumd| Nghto the glr géeﬁtsrorpv(\gmtﬁggwhe

receiver 5 conprises a TeceiVer " rdnt*end which is coupled to a carrier
denodul at | I SaaI
i gnal conneren fe SR IRUL: Spriiteh R25H shelo BARL 454 EOLNAIRD a0l 00

subcar r i e¢hannels acas:eed)formwﬁymg the pqmwgnvun&i@g sighgln al ﬁr,ss chanmeb nomvtegmg/am

two paral]el nne recei yer . & et ectl branch
baschand STVREH ENElok s doRpongR odrrRBPhaSE 18 fulfblFaib of 3186 505 Sharthe
t o- di gi t 2of thersueresd QigndB 2 5eevhd icRanrfel |c@ﬁﬁéy1§g an eghmréht Hhilogl rs%lﬂﬁl @6m ﬁ&ﬂ?n
bits, and a sub- channel detect or conpri si ng enmodul at or and a filter

75 coudl eeprresperding 40 agfixst bitigroupiof @cmmrwm rbammebwnﬁ athizd ehannel conveying

6 can bateapsirve FaRVRIchh abAbE silrT padBudiid B baiod b IenBNE Shhi i i

30 scal i ofthddeft anairight der€o bharieRNs of respective shift registers 77 and
78. The sgo reconstructed bit %@gups representing . the anal og source signal
in the trénsmitter 2 arhdigitl fignsmission: Ystem2¢40aing te any ane4 the claimg to 6,

out put of, econsﬁmﬁg&gﬁeﬁﬂ'ﬁ%m&l kgnal I s avail able, the | east

S|gn|f|can group having been shifted to t-he | east
signi 10cadt bit p05| t i Gosranfmittes wmﬂgah &he@ngrdairmg-fonwdmtz%nraﬁ@mmm system,
t he give

WO 97/ 035Q
PCT/ | B96/ whis8 A sqeegmefqoemsef Sigifaing deeags foy digiizing an analog gk ino 2
directly gigfal Qgﬁﬂ?aﬁ@ﬁ&c&hﬁﬁlﬁﬁdﬁ&'&&n?f& decomposing the digital signal into an equivalent

analog signal, whereby the equivalent analog signal comprises equivalent analog signal

components representing respective bit groups of the digital signal, characterized in that the

15 transmitter comprises means for parallel transmission of the respective equivalent analog
signal components to a parallel operating decoding device via a transmission medium.

9. A receiver with a decoding device for a digital transmission system,
characterized in that the decoding device .'c_:ompr_ises at least two parallel operating decoding
means for reconstructing respective bit groups from parallel equivalent analog signal

20 components received from a transmitter via a transmission 'medium, whereby the equivalent'
analog signal components represent an analog source signal to be fed to an encoding device
within the transmitter, and in that the decoding device comprises combining and converting
means for 'combining the reconstructed bit groups and for converting the combined
reconstructed bit groups to a reconstructed analog signal.

25. 10. A equivalent analog signal to be transmitted via parallel transmission
channels, the equivalent aﬁalog signal representing at least two équival_ent analog signal
components corresponding to respective first and second bit groups of a digitized analog
source signal, a first equivalent analog signal component being formed from the first bit
group by means of first digital-to-analog conversion means, and a second equivalent analog

30 signal component being formed from the second bit group by means of second digital-to-
analog conversion means.

11. A transmission method for transmitting an equivalent analog signal in a

digital transmission system via a transmission medium, the method comprising the following

steps:



posi'ti ons of the digj b O- | og- converter 79. The receiver 5 further
conpri.ses neans for H Hﬂﬂ!ﬂi’r ” d control signals via a low bit rate
sub- chann®¥097§8We ea ,,, Il deriadul ator 80, a fi |t CTEBIG/OGS4

pattern conparators 82 and 83. The pattern conparator 82 5 provides a
detect ey node sekmwdingapahaiog sBurceasighal imtopmt éqrivalernrgnatoy sipndd3 provi des a
sync pyl.se for controlling a.,phase |lock logp.circuit 84. The phase | ock
Toop citPeui t 84 PIEHAIREYRE, QECRANE 8F Do e IR Analqe.PEfal inkh B SErAnsERFEAg
the anglnQpetfoshigi tal converters 73 and 76. Fig. 8 shows processing of
training s qu%nces in the receiver 5 according to the present invention.
The reddi ver conphegescediagnfarming ok ardigital sigriah from thelanalog sbentetsignal) andhe
anal pg-{o-di gi.t al, converters .7 d 76, .an at_output.side to. the '
i g1 3 3idsBampihg v fREH HEPS 5t A pqbial@l pnef yPient ohE sfivalbie angtos
Under  cggtfal ebmpisés'éqitilent @ioposignacaiontponenitsrepredéntip respéctivacsit Efm@s@fer
90 couples the anal og-to-digital converters 73 and 76 to either the

di gi t althe digitakisiggakbonverter 79.or to the training sequence processor 91. In

a trai ni“%ﬁ’%ﬁ l‘éz‘g trai ni ng sequence processor 91 evaluates the received
di gi tal® flence as 15 received via two paral |l el channels, and
gener atgs anpl i t gcecquivkient anakgesighdl tdoniponetts aire tansmittéd @4l parallepdpérating he

two_channels. In the respective reception branches, the receiver 2

comp? i HAecoding means|va FespeciivecIeRprate) iXapsmIssion chaanels, and apl e anplifiers 94
and 95, _ controll | s S ] :

anpl i tuec]e cont I’-O?{LS%H{IB. Sc%ﬁ%é&%%?ﬂ@gg?g%ﬁ%&o&}p%ﬂep&wm Qf{"&ﬁéﬂ I n
the foragivgndgmal (mqgjmbms,of scaling up or down of equival ent anal og signals
inthe transmtter has been given. For practical reasons, either one of
scaling up or scaling down is done in the digital domain, as described. The
full scale of the digital-to- analog converter 15 for the nost significant
bit group of the digital signal DS can be '




calibrated to the clipping | evel of the relevant transm ssion channel, e.g.
by choosing a 25 proper nodul ation i ndex of ‘the FM nodul ator 17. Then, no
scal i ng dowo s/3s0ke di gital domain has to be done explicitl| yrEoaBidnpespst
significant bit group, but only scaling up in the digital domain of the

| east significant bit group so as to avoquﬂLomning_in noi se of the

rel evant transm ssion channel. Simlarly, .smal | est signal of the
digital -to-anal og converter 14 for the least significant bit group of the
signal DS can be adjusted such fhat it is above the 30 noise level of the
rel evant transm ssion channel, €. by choosing a prop nmodul ati on i ndex
of the FM nodul ator 16. Then, there izﬂgﬁ#g%g%:Lgb-scal ng up.of. the | east
significant bit group in the digital N Cause t TS h%f al ready been
carried out inplicitly by anal og ngans,_but the npbst $igrfiticant bit group
has to be scaled down in the digital dBﬁhfﬁSge\gg to qvoild clipping inits
rel evant transm ssion channel. Rlthough blpth scaling up and down can WO

97/ 03502 8 PCT/ 1 B96/ 00654
be done in the digital domain, fhis sofution is |l ebs efficient because nore
hardware i s needed then. VWO B : 9
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1. A digital

. transm ssi on systemconprising a transmtter with
an encodi ng device for encoding an anal og source signal

into an equi val ent
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receiver can set itself to a source signal decoding node or to a pattern

al i gnnent node. 5. A digital transm ssion system according to
claim1, wos3sm2 4, wherein 25 the decoding device conpri segaBbshdapt two
paral | el operating decodi ng neans for reconstructing respective bit groups
fromthe parallel received equival ent ana si gnal components, and
conbi ni ng and converting neans for conbi ﬁg the reconstructed bit groups

and for convertingythe conbined reconstructed bit groups to the

reconstruct ed g..signal .6 Adigital transm ssion system
according to pny one of theiglains2} to 5, WD 97/ 035024g
PCT/ | B96/ 0065 he pala rce signal is an stefeo audi o signgl,

and -t hree par
equi val ent an
si gnal conpon
channel of th
anal og signa
stereo chann
si gnal conpo

Jor I €S PO Shgte a flirst bit group of a left stg
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digital signal, and deconposition nmeans for deconposing the digital signal
into an equi val ent anal og signal, whereby the equival ent anal og si gnal
conpri seswWOPTI0dsM2ent anal og signal conponents representing PEFIBIGNSS DI t
groups of the digital signal, characterized in that the 15 transmtter
conprises neans for parall el transn155|oq%ﬁ% t he respective equival ent
anal og signal conponents to a parall el ting decodi ng device via a
transm ssi on nmedium 9. A receiver with a decodi ng device for
a digital transm ssion system characterized in that the decodi ng device
conprises at |least two parallel operating decoding neans for reconstructing
respective bit groups from parallel equivalent analog signal 20 conponents
received froma transn1tte§ via a transm ssion nedlun1 mhereby t he '

equi val ent anal qog Yo=Y I-Ye , to be
fed to an encodi} tranii%tter, and in that the defoding
devi ce conpri seg conbi ni ting ans for conbining the
reconstructed bi i t he conbi ned reconstructpd bit
groups to a recanstructjed | i . A equilal ent
anal og signal tg be tr i [ he
equi val ent anal gg si gnal i st two equival ent analog si gha
conmponent s corr gspondi ‘ Fps of a
digitized anal og sourc [ ' conponent
being forned frgmthe fi i 1 1 t o- apal og
conver si on neans i one bei ng
formed fromthe Dg
conver si on neans fing an

equi val ent anal dg 5|gnal in a digi
transm ssion nedium the nethod co
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(57) Abstract

Known is a digital transmission system in which bit groups of a digitized analog signal are converted into corresponding analog

signals before serial transmission in the form of a series of PAM-signals. At receiver side, an analog signal is reconstructed from the

received PAM-signals. Such a transmission still requires a considerable bandwidth, and, furthermore, both frame synchronisation and
symbol synchronisation is required at reception side. A digital transmission system is proposed requiring less bandwidth and only requiring
symbol synchronisation. To this end, the bit groups are parallel transmitted via separate transmission channels, and at reception side, from
the parallel received equivalent analog sxgnal components the so transmitted signal is reconstructed. In order to cope with transmission
channel noise, the least sxgmﬁcant bit group is scaled up. In order to cope with a limited dynamic range of the transmission channel, the
FI0st sxgmﬁcant bxt group is scaled down.




