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Claims 

 

1. Apparatus for decoding an encoded multichannel signal, comprising:  

 

a base channel decoder for decoding an encoded base channel to obtain a decoded 5 

base channel;  

 

a decorrelation filter for filtering at least a portion of the decoded base channel to 

obtain a filling signal, wherein the decorrelation filter comprises an allpass filter; and  

 10 

a multichannel processor for performing a multichannel processing using a spectral 

representation of the decoded base channel and a spectral representation of the 

filling signal, 

 

wherein the decorrelation filter is a broad band filter and the multichannel processor 15 

is configured to apply a narrow band processing to the spectral representation of the 

decoded base channel and the spectral representation of the filling signal, 

 

wherein the allpass filter comprises at least one allpass filter cell, the at least one 

allpass filter cell comprising two Schroeder allpass filters nested into a third 20 

Schroeder allpass filter, or 

 

wherein the allpass filter comprises at least one allpass filter cell, the allpass filter 

cell comprising a first Schroeder allpass filter and a second Schroeder allpass filter 

cascaded to the first Schroeder allpass filter, wherein an input into the first 25 

Schroeder allpass filter and an output from the second Schroeder allpass filter are 

connected, in the direction of the signal flow, before a delay stage of a third 

Schroeder allpass filter. 

 

2. Apparatus of claim 1,  30 

 

wherein a filter characteristic of the decorrelation filter is selected so that a region of 

a constant magnitude of the filter characteristic is greater than a spectral granularity 

of the spectral representation of the decoded base channel and a spectral 

granularity of the spectral representation of the filling signal.  35 
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3. Apparatus of claim 1 or 2, wherein the decorrelation filter comprises:  

 

a filter stage for filtering the decoded base channel to obtain a broad band or time 

domain  filling signal; and  

 5 

a spectral converter for converting the broad band or time domain filling signal into 

the spectral representation of the filling signal. 

 

4. Apparatus of one of the preceding claims, 

 10 

further comprising a base channel spectral converter for converting the decoded 

base channel into the spectral representation of the decoded base channel. 

 

 

5. Apparatus of one of the preceding claims,  15 

 

wherein  at least one of the first Schroeder allpass filter, the second Schroeder 

allpass filter, and the third Schroeder allpass filter having a first adder, a delay stage, 

a second adder, a forward feed with a forward gain and a backward feed with a 

backward gain. 20 

 

 

 

6. Apparatus of claim 1, wherein the allpass filter comprises: 

 25 

a first adder, a second adder, a third adder, a fourth adder, a fifth adder and a sixth 

adder; 

 

a first delay stage, a second delay stage and a third delay stage; 

 30 

a first forward feed with a first forward gain, a first backward feed with a first 

backward gain, 

 

a second forward feed with a second forward gain and a second backward feed with 

a second backward gain; and 35 
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a third forward feed with a third forward gain and a third backward feed with a third 

backward gain. 

 

7. Apparatus of claim 6,  

 5 

wherein an input into the first adder represents an input into the allpass filter, wherein 

a second input into the first adder is connected to an output of the third delay stage 

and comprises the third backward feed with a third backward gain,  

 

wherein an output of the first adder is connected to an input into the second adder 10 

and is connected to an input of the sixth adder via the third forward feed with the 

third forward gain,  

 

wherein a further input into the second adder is connected to the first delay stage 

via a first backward feed with the first backward gain,  15 

 

wherein an output of the second adder is connected to an input of the first delay 

stage and is connected to an input of the third adder via the first forward feed with 

the first forward gain,  

 20 

wherein an output of the first delay stage is connected to a further input of the third 

adder,  

 

wherein an output of the third adder is connected to an input of the fourth adder,  

 25 

wherein a further input into the fourth adder is connected to an output of the second 

delay stage via the second backward feed with the second backward gain,  

 

wherein an output of the fourth adder is connected to an input into the second delay 

stage and is connected to an input into the fifth adder via the second forward feed 30 

with the second forward gain, 

 

wherein an output of the second delay stage is connected to a further input into the 

fifth adder,  

 35 

wherein an output of the fifth adder is connected to an input of the third delay stage, 
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wherein the output of the third delay stage is connected to an input into the sixth 

adder, 

 

wherein a further input into the sixth adder is connected to an output of the first adder 5 

via the third forward feed with the third forward gain, and  

 

wherein the output of the sixth adder represents an output of the allpass filter. 

 

8. Apparatus of claim 1,  10 

 

wherein the allpass filter comprises two or more allpass filter cells, wherein delay 

values of the delays of the allpass filter cells are mutually prime. 

 

9. Apparatus of claim 1,  15 

 

wherein a forward gain and a backward gain of a least one of the first Schroeder 

allpass filter, the second Schroeder allpass filter, and the third Schroeder allpass 

filter are equal or different from each other by less than 10 % of a greater gain value 

of the forward gain and the backward gain. 20 

 

10. Apparatus of claim1,  

 

 wherein the decorrelation filter comprises two or more allpass filter cells, 

 25 

wherein one of the two or more allpass filter cells has two positive gains and one 

negative gain and another of the two or more allpass filter cells has one positive gain 

and two negative gains. 

 

11. Apparatus of claim 1, 30 

 

wherein a delay value of a first delay stage is lower than a delay value of a second 

delay stage, and wherein the delay value of the second delay stage is lower than a 

delay value of a third delay stage of an allpass filter cell comprising the first 

Schroeder allpass filter, the second Schroeder allpass filter, and the third Schroeder 35 

allpass filter, or  
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wherein sum of a delay value of a first delay stage and a delay value of a second 

delay stage is smaller than a delay value of the third delay stage of an allpass filter 

cell comprising the first Schroeder allpass filter, the second Schroeder allpass filter, 

and the third Schroeder allpass filter.  5 

 

12. Apparatus of claim 1, 

 

wherein the allpass filter comprises at least two allpass filter cells in a cascade, 

wherein a smallest delay value of an allpass filter later in the cascade is smaller than 10 

a highest or second to highest delay value of an allpass filter cell earlier in the 

cascade. 

 

13. Apparatus of claim 1, 

 15 

wherein the allpass filter comprises at least two allpass filter cells in a cascade, 

 

wherein each allpass filter cell has a first forward gain or a first backward gain, a 

second forward gain or a second backward gain, and a third forward gain or a third 

backward gain, a first delay stage, a second delay stage and a third delay stage,  20 

 

wherein the values for the gains and the delays are set within a tolerance range of 

± 20 % of values indicated in the following table:  

 

 25 

 

 

 

 

wherein B1(z) is a first allpass filter cell in the cascade,  30 

 

wherein B2(z) is a second allpass filter cell in the cascade,  

 

wherein B3(z) is a third allpass filter cell in the cascade,  

 35 

wherein B4(z) is a fourth allpass filter cell in the cascade, and  

Filter g1 d1 g2 d2 g3 d3 

B1(z) 0.5 2 -0.2 73 0.5 83 

B2(z) -0.4 11 0.2 67 -0.5 97 

B3(z) 0.4 19 -0.3 61 0.5 103 

B4(z) -0.4 29 0.3 47 -0.5 109 

B5(z) 0.3 37 -0.3 41 0.5 127 
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wherein B5(z) is a fifth allpass filter cell within the cascade, 

 

wherein the cascade comprises only the first allpass filter cell B1 and the second 

allpass filter cell B2 or any other two allpass filter cells of the group of allpass filter 5 

cells consisting of B1 to B5, or  

 

wherein the cascade comprises three allpass filter cells selected from the group of 

five allpass filter cells B1 to B5, or  

 10 

wherein the cascade comprises four allpass filter cells selected from the group of 

allpass filter cells consisting of B1 to B5, or 

 

wherein the cascade comprises all five allpass filter cells B1 to B5, 

 15 

wherein g1 represents the first forward gain or backward gain of the allpass filter cell, 

wherein g2 represents a second backward gain or forward gain of the allpass filter 

cell, and wherein g3 represents the third forward gain or backward gain of the allpass 

filter cell, wherein d1 represents a delay of the first delay stage of the allpass filter 

cell, wherein d2 represents a delay of the second delay stage of the allpass filter cell, 20 

and wherein d3 represents a delay of a third delay stage of the allpass filter cell, or 

 

wherein g1 represents the second forward gain or backward gain of the allpass filter 

cell, wherein g2 represents a first backward gain or forward gain of the allpass filter 

cell, and wherein g3 represents the third forward gain or backward gain of the allpass 25 

filter cell, wherein d1 represents a delay of the second delay stage of the allpass filter 

cell, wherein d2 represents a delay of the first delay stage of the allpass filter cell, 

and wherein d3 represents a delay of a third delay stage of the allpass filter cell. 

 

14. Apparatus of one of the preceding claims,  30 

 

wherein the multichannel processor is configured to determine a first upmix channel 

and a second upmix channel using different weighted combinations of spectral 

bands of the decoded base channel and a corresponding spectral band of the filling 

signal, the different weighted combinations depending on a prediction factor and/or 35 

a gain factor and/or an envelope or energy normalization factor calculated using a 
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spectral band of the decoded base channel and a corresponding spectral band of 

the filling signal. 

 

15. Apparatus of claim 14,  

 5 

wherein the multichannel processor is configured to compress the energy 

normalization factor and to calculate the different weighted combinations using the 

compressed energy normalization factor. 

 

16. Apparatus of claim 15, wherein the energy normalization factor is compressed using: 10 

 

 calculating a logarithm of the energy normalization factor; 

 

 subjecting the logarithm to a non-linear function; and  

 15 

 calculating an exponentiation result of a result of the non-linear function.  

 

17. Apparatus of claim 16, 

 

 wherein the non-linear function is defined based on ���� = � − � 	�
�
�

�


, 20 

 

 wherein the function c is based on 0 ≤ 	��� ≤ 1, 

 

wherein t is a real number, and wherein τ is an integration variable. 

 25 

18. Apparatus of claim 14 or 16, 

 

wherein the multichannel processor is configured to compress the energy 

normalization factor and to calculate the different weighted combinations using the 

compressed energy normalization factor and using a non-linear function, 30 

 

wherein the non-linear function is defined based on ���� = � − max�min��, ��, −��, 

 

wherein α is a predetermined boundary value, and wherein t is a value between –α 

and +α.  35 
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19. Apparatus of one of the preceding claims, 

  

wherein the multichannel processor is configured to calculate a low band first upmix 

channel and a low band second upmix channel, and 

 5 

wherein the apparatus further comprises a time domain bandwidth expander for 

expanding the low band first upmix channel and the low band second upmix channel, 

or a low band base channel 

 

wherein the multichannel processor is configured to determine a first upmix channel 10 

and a second upmix channel using different weighted combinations of spectral 

bands of the decoded base channel and the corresponding spectral band of the 

filling signal, the different weighted combinations depending on an energy 

normalization factor calculated using an energy of the spectral band of the decoded 

base channel and the spectral band of the filling signal, 15 

 

wherein the energy normalization factor is calculated using an energy estimate 

derived from an energy of a windowed high band signal. 

 

20. Apparatus of claim 19,  20 

 

 wherein the time domain bandwidth expander is configured to use the high band 

signal without the windowing operation used for the calculation of the energy 

normalization factor. 

 25 

21. Apparatus of one of the preceding claims, 

 

wherein the base channel decoder is configured to provide a decoded primary base 

channel and a decoded secondary base channel,  

 30 

wherein the decorrelation filter is configured for filtering the decoded primary base 

channel to obtain the filling signal,  

 

wherein the multichannel processor is configured for performing a multichannel 

processing by synthesizing one or more residual parts in the multichannel 35 

processing using the filling signal, or 
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wherein a shaping filter is applied to the filling signal. 

 

22. Apparatus of claim 21,  

 5 

wherein the primary and the secondary base channels are a result of a 

transformation of original input channels, the transformation being e.g. a mid/side 

transformation or a Karhunen Loeve transformation, and wherein the decoded 

secondary base channel is limited to a smaller bandwidth,  

 10 

wherein the multichannel processor is configured for high pass filtering the filling 

signal and for using the high pass filtered filling signal as a secondary channel for a 

bandwidth not included in the bandwidth limited decoded secondary base channel. 

 

23. Apparatus of one of the preceding claims, 15 

 

wherein the multichannel processor is configured for performing different stereo 

processing methods and 

 

wherein the multichannel processor is furthermore configured to perform the 20 

different multichannel processing methods simultaneously, for example separated 

by bandwidth, or exclusively, for example frequency domain versus time domain 

processing and connected to a switching decision, and  

 

wherein the multichannel processor is configured to use the same filling signal in all 25 

multichannel processing methods. 

 

24. Apparatus of one of the preceding claims, 

 

wherein the decorrelation filter comprises as a time domain filter having an optimal 30 

peak region of the time domain filter impulse response between 20 ms and 40 ms.  

 

25. Apparatus of one of the preceding claims,  

 

wherein the decorrelation filter is configured for resampling the decoded base 35 

channel to a predefined or input-dependent target sampling rate,  
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wherein the decorrelation filter is configured to filter a resampled decoded base 

channel using a decorrelation filter stage, and 

 

wherein the multichannel processor is configured to convert a decoded base 5 

channel for a further time portion to the same sampling rate, so that the multichannel 

processor operates using spectral representations of the decoded base channel and 

the filling signal that are based on the same sampling rate irrespective of different 

sampling rates of the decoded base channel for different time portions, or 

 10 

wherein the apparatus is configured to perform a resampling before, or when 

converting to a frequency domain or subsequent to converting to the frequency 

domain. 

 

26. Apparatus of one of the preceding claims, 15 

 

further comprising a transient detector for finding a transient in the encoded or 

decoded base channel,  

 

wherein the decorrelation filter is configured for feeding a decorrelation filter stage 20 

with noise or zero values in a time portion, in which the transient detector has found 

transient signal samples, wherein the decorrelation filter is configured for feeding the 

decorrelation filter stage with samples of the decoded base channel in a further time 

portion in which the transient detector has not found a transient in the encoded or 

decoded base channel. 25 

 

27. Apparatus of one of the preceding claims,  

 

 wherein the base channel decoder comprises: 

 30 

a first decoding branch comprising a low band decoder and a bandwidth extension 

decoder to generate a first portion of the decoded channel; 

 

a second decoding branch having a full band decoder to generate a second portion 

of the decoded base channel; and 35 
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a controller for feeding a portion of the encoded base channel either into the first 

decoding branch or the second decoding branch in accordance with the control 

signal. 

 

28. Apparatus of one of the preceding claims, wherein the decorrelation filter comprises: 5 

 

a first resampler for resampling a first portion to a predetermined sampling rate; 

 

a second resampler for resampling a second portion to the predetermined sampling 

rate; and 10 

 

an allpass filter unit for allpass filtering an allpass filter input signal to obtain the filling 

signal; and 

 

a controller for feeding a resampled first portion or a resampled second portion into 15 

the allpass filter unit. 

 

29. Apparatus of claim 28,  

 

wherein the controller is configured to feed, in response to the control signal, either 20 

the resampled first portion or the resampled second portion or zero data into the 

allpass filter unit.  

 

30. Apparatus of one of the preceding claims, wherein the decorrelation filter comprises: 

 25 

a time-to-spectral converter for converting the filling signal into a spectral 

representation comprising spectral lines with a first spectral resolution,  

 

wherein the multi-channel processor comprises an time-to-spectral converter for 

converting the decoded base channel into a spectral representation using spectral 30 

lines with the first spectral resolution, 

 

wherein the multi-channel processor is configured to generate spectral lines for a 

first upmix channel or a second upmix channel, the spectral lines having the first 

spectral resolution, using, for a certain spectral line, a spectral line of the filling 35 

signal, a spectral line of the decoded base channel and one or more parameters, 
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wherein the one or more parameters have associated therewith a second spectral 

resolution being lower than the first spectral resolution, and  

 

wherein the one or more parameters are used to generate a group of spectral lines, 5 

the group of spectral lines comprising the certain spectral line and at least one 

frequency adjacent spectral line. 

 

31. Apparatus of one of the preceding claims, wherein the multi-channel processor is 

configured to generate a spectral line for the first upmix channel or the second upmix 10 

channel using: 

 

a phase rotation factor depending on one or more transmitted parameters; 

 

a spectral line of the decoded base channel; 15 

 

a first weight for the spectral line of the decoded base channel, the first weight 

depending on a transmitted parameter; 

 

 a spectral line of the filling signals; 20 

 

a second weight for the spectral line of the filling signal, the second weight 

depending on a transmitted parameter; and 

 

an energy normalization factor. 25 

 

32. Apparatus of claim 31,  

 

wherein, for the calculating the second upmix channel, a sign of the second weight 

is different from a sign of the second weight used in calculating the first upmix 30 

channel, or  

 

wherein, for calculating the second upmix channel, the phase rotation factor is 

different from a phase rotation factor used in calculating the first upmix channel, or  

 35 
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wherein, for calculating the second upmix channel, the first weight is different from 

the first weight used in calculating the first upmix channel. 

 

33. Apparatus of one of the preceding claims, wherein the base channel decoder is 

configured to obtain the decoded base channel with a first bandwidth,  5 

 

wherein the multi-channel processor is configured to generate a spectral 

representation of a first upmix channel and a second upmix channel, the spectral 

representation having the first bandwidth and an additional second bandwidth 

comprising a band above the first bandwidth with respect to frequency,  10 

 

wherein the first bandwidth is generated using the decoded base channel and the 

filling signal,  

 

wherein the second bandwidth is generated using the filling signal without the 15 

decoded base channel,  

 

wherein the multi-channel processor is configured to convert the first upmix channel 

or the second upmix channel into a time domain representation,  

 20 

wherein the multi-channel processor further comprises a time domain bandwidth 

extension processor for generating a time domain extension signal for the first upmix 

signal or the second upmix signal or the base channel, the time domain extension 

signal comprising the second bandwidth; and 

 25 

a combiner for combining the time domain extension signal and the time 

representation of the first or second upmix channel or of the base channel to obtain 

a broadband upmix channel. 

 

34. Apparatus of one claim 33, wherein the multi-channel processor is configured to 30 

calculate an energy normalization factor used for calculating the first or the second 

upmix channel in the second bandwidth  

 

 using an energy of the decoded base channel in the first bandwidth,  

 35 
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using an energy of a windowed version of a time extension signal for the first channel 

or the second channel or for a bandwidth extended downmix signal, and 

 

 using an energy of the filling signal in the second bandwidth. 

 5 

35.  Method of decoding an encoded multichannel signal, comprising:  

 

decoding an encoded base channel to obtain a decoded base channel;  

 

decorrelation filtering at least a portion of the decoded base channel to obtain a filling 10 

signal, wherein the decorrelation filter comprises using an allpass filter; and  

 

performing a multichannel processing using a spectral representation of the 

decoded base channel and a spectral representation of the filling signal, 

 15 

wherein the decorrelation filtering is a broad band filtering and the multichannel 

processing comprises applying a narrow band processing to the spectral 

representation of the decoded base channel and the spectral representation of the 

filling signal, 

 20 

wherein the allpass filter comprises at least one allpass filter cell, the at least one 

allpass filter cell comprising two Schroeder allpass filters nested into a third 

Schroeder allpass filter, or 

 

wherein the allpass filter comprises at least one allpass filter cell, the allpass filter 25 

cell comprising a first Schroeder allpass filter and a second Schroeder allpass filter 

cascaded to the first Schroeder allpass filter, wherein an input into the first 

Schroeder allpass filter and an output from the second Schroeder allpass filter are 

connected, in the direction of the signal flow, before a delay stage of a third 

Schroeder allpass filter. 30 

 

36. Computer program for performing, when running on the computer or processor, 

 the method of claim 35. 

 

 35 




