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"Digital transmission system, transmitter, receiver, equivalent analog signal, and 

transmission method" 

The present invention relates to a digital transmission system comprising a 

transmitter with an encoding device for encoding an analog source signal into an equivalent 

analog signal, the system further comprising a receiver with a decoding device for decoding 

the equivalent analog signal 5nto a reconstructed analog signal, and a ~smission medium 

5 for conveying the equivalent analog signal to the receiver, the encoding device comprising 

digitizing means for digitizing the analog signal into a digital signal, and decomposition 

means for decomposing the digital signal into the equivalent analog signal, whereby the 

equivalent analog signal comprises equivalent analog signal components representing 

respective bit groups of the digital signal. 

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

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

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

15 European patent application No. 0 115 3·19. Jn EP 0 115 319 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 analog-to-digital converter. From a digital output 

signal of the analog-to-digital converter bit groups are formed. These bit groups are fed to a 

multiplexer that supplies the resp~tive 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. ihe 

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. 
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It is an object of the present invention to provide a digital transmission 

system of the above kind with reduced system complexity and with a still further reduced 

bandwidth. 

To this end the digital transmission system according to the present 

5 invention characterized in that the transmission medium comprises parallel transmission 

channels for separate 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. It is achieved that a very high dynamic range 

signal such as a CD quality signal can be transmitted by means of an analog channel of less 

10 quality. The present invention is based upon the insight of having a tradeoff between the 

necessary transmission bandwidth and an error tolerance of the system, more significant bits 

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 to 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. 

In a further 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. 



~ WO 97/03502 
3 PCT/IB96/00654 

The present invention will now be described, by way of example, with 

reference to the accompanying drawings, wherein 

Fig. 1 schematically shows a digital transmission system according to the 

5 present invention, 

10 

Fig. 2 shows a transmitter with an encoding device according to the 

present invention, 

Fig. 3 shows another embodiment of a transmitter according to the present 

invention, 

Fig. 4 shows scaling up and scaling down in more detail as a function of 

time, 

Fig. 5 shows the use of three parallel channels for conveying a left and a 

right channel of a stereo signal according to the present invention, 

Fig. 6 shows transmission of control information in a transmitter 
. . 

15 according to the present invention, 

Fig. 7 shows a receiver with a decodin; 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 shows a digital transmission system 1 according to 

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

respective receivers 5 and 6. The wireless signals 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 5 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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Fig. 2 shows the transmitter 2 with an encoding device 10 according to 

the present invention for encoding an analog source signal AS. The encoding device 

comprises an analog-to-digital converter 11, e.g. a 16 bits convener t for digitizing the analog 

source signal into a digital signal DS, the analog-to-digital converter 11 being clocked by a 

S sampling clock signal f., and further decomposition means for decomposing the digital signal 

into an equivalent analog signal with equivalent analog signal components S 1 and S2. The 

decomposition means eomprises 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 sigrial is designed and calibrated to be just at the clippin3 

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. 

Jn 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 clipping 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 S l and S2 from the scaled up and scaled 

down signals. Reference signals (not shown) of the digital-to-analog converters 14 and 15 are 

chosen such that just no signal clipping occurs at maximum input signals to the respective 

25 conveners 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 example given, the digital-to-analog 

conveners 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 Sl and S2. The modulated signal SI can be a baseband signal, and the modulated 

signal S2 can be a sub-channel signal, e.g. at 38 kHz. The modulated signals SI and S2 are 

combined in a combiner 18. Jn case of wireless transmissiont the transmitter 2 further 
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comprises a carrier modulator 19, modulating the combined signal to a radio wave carrier, 

e.g. 430 MHz or 910 MHz. The transmitter 2 is further provided with a pattern generator 20 

for generating an alignment pattern AP for channel amplitude and/or phase alignment at the 

side of the receivers S and 6. The alignment pattern AP can be transmitted to the receivers s 
5 and 6 at a very low data rate, each during longer signal pauses of the analog source signal 

AS. To this end the transmitter 2 comprises a multiplexer 21 controlled by a mode selection 

signal MS, e.g. via a low data rate sub-channel. 

Fig. 3 shows another embodiment of the transmitter 2 according to the 

present invention. In this embodiment, a single, fast digital-~analog converter 22 is 

10 provided after the combiner 18, the analog-to-digital conveners 14·and 15 being dispensed 

with. Then, all circuitry up to and including the combiner 18 is digital. 

Fig. 4 shows scaling up and scaling down in more detail as a function of 

time t. The hatched areas show a respective cUpping 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 OS, and graph C the eleven least significant bits of the digital signal OS. 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 quantisized version of the analog source signal, though 
. . I 

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 also 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 

decomposed to the digital-to-analog convener 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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further sub-channel. In the present case. a baseband channel can be used for the eleven least 

significant bits of the left stereo channel, a 38.kHz sub-channel for the five most significant 

bits of the respective left and the right stereo channels, and a 76 kHz sub-channel for the 

eleven least significant bits of the right stereo channel. These modulated signals are fed to 

S the combiner 18. Herewith, the transmission bandwidth for a stereo audio signal according to 

the present invention is only 50% above a broadcast stereo FM signal. 

Fig. 6 shows transmission of control information in the transmitter 2 

according to the present invention. The mode selection signal MS is generated by a signal 

pause detector formed by a comparator with hysteresis 60 coupled to a lowpass filter 61. 

10 Herewith, signal pauses of a predetermined longer duration are detected. The mode selection 

signal MS is transmitted to the receivers 5 and 6 via a low data rate control channel. To this 

end the mode selection signal MS ·triggers a pattern generator 62 which is cloeked by a clock 

signal f/N, N being an integer. The clock signal fiN is formed by dividing the clock signal 

f, in a divider 63. Other control signals are formed similarly. For symbol synchronisation, 

15 the divided clock signal f/N is also transmitted to the receivers 5 and 6 via the control 

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-channel, e.g. 

at 100 kHz. 

20 Fig. 7 shows the receiver S with a decoding devi~e according to the 

present invention. The receiver 5 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 source signal are available at subcaniers. 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-t0-: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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most significant reconstructed bit group having been directly fed to the most significant bit 

positions of the digital-to-analog-converter 79. The receiver 5 further comprises means for 

detecting received control signals via a low bit rate sub-channel. These means comprises a 

demodulator 80, a filter 81, and pattern comparators 82 and 83. The pattern comparator 82 

5 provides a detected mode selection pulse MS', and the pattern comparator 83 provides a sync 

pulse for controlling a phase lock loop circuit 84. The phase lock loop circuit 84 provides a 

recovered clock signal f,' for controlling the analog-to-digital converters 73 and 76. 

Fig. 8 shows processing of training sequences in the receiver S according 

. to the present invention. T~e receiver comprises a demultiplexer 90 at input side coupled to 

10 the analog-to-digital converters 73 and 76, an at output side to the digital-to-analog converter 

79, and to a training sequence processor 91. Under control of the detected mode selection 

signal MS', the demultiplexer 90 couples the analog-to-digital converters 73 and 76 to either 

the digital-to-analog converter 79 or to the training sequence processor 91. In a training 

mode, the training sequence processor 91 evaluates the received digital training sequence as 

15 received via two parallel channels, and generates amplitude and/or phase control signals al, 

a2, and pl, p2 for the two channels. In the respective reception branches, the receiver 2 

comprises adjustable phase delays 92 and 93, and adjustable amplifiers 94 and 95, controlled 

by the phase control signals pl 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

an·alog convener 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 so as to 

avoid dipping in its relevant transmission channel. Although both scaling up and down can 
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be done in the digital domain, this solution is less efficient because more hardware is needed 

then. 
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CLAIMS: 

111111111111111111111111111111 
* C L M S * 

1. A digital transmission system comprising a transmitter with an encoding 

device for encoding an analog source signal into an equivalent analog· signal, the system 

further comprising a receiver with· a decoding device for decoding the equivalent analog 

signal into a reconstructed analog signal, and a transmission medium for conveying the 

5 equivalent analog signal to the receiver, the encoding device comprising digitizing means for 

digitizing the analog signal into a digital signal, and decomposition means for decomposing 

the digital signal into the equivalent analog signal, whereby the equivalent analog signal 

comprises equivalent analog _signal co111ponent~ representi.ng respective bit groups of the 

digital signal, characterized in that the transmission medium comprises parallel transmission 

10 channels for separate 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, wherein, 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 equivalent analog signal 

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

and for convening 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, 
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wherein the analog source signal is an stereo audio signal, and three parallel transmission 

channels are used for conveying the equivalent analog signal, a first channel conveying an 

equivalent analog signal component corresponding to a first bit group of a left stereo channel 

of the stereo signal, a second channel conveying an equivalent analog signal component 

S corresponding to a first bit group of a right stereo channel, and a third channel conveying 

respective equivalent analog signal components corresponding to respective second bit groups 

of the left and right stereo channels. 

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

wherein the transmission medium is wireless. 

10 8. A transmitter with an encoding device for a digital transmission system, 

which encoding device comprises digitizing means for digitizing an analog signal into a 

digital signal, and decomposition means for decomposing the digital signal into an equivalent 

analog si1tnal, 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 comprises 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 analog signal representing at least two equival.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: 

• 
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; 

a) encoding an analog source signal into an equivalent analog signal, 

b) after conveying, decoding of the equivalent analog signal into a reconstructed 

analog signal, 

c) when encoding, forming of a digital signal from the analog source signal, and .. 
S decomposing the digital signal into the equivalent signal, whereby the equivalent analog 

signal comprises equivalent analog signal components representing respective bit groups of 

the digital signal, 

characterized in that 

d) the equivalent analog signal components are transmitted to a parallel operating 

1 O decoding means via respective separate transmission channels, and 

e) the reconstructed analog signal is formed from parallel received equivalent 

analog signal components. 


