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Audio Processor for Orientation-Dependent Processing 

Description 

5 The present invention relates to an audio processor and to a method for audio 

processing. 	Moreover, 	the 	present 	invention 	relates 	to 	an 	electrical 	device 

comprising such an audio processor. 

In the state of the art audio processors are known which generate, for example, an 

10 output signal from an input signal, wherein at least one of the output signals may 

be associated with a predetermined reproduction position of a loudspeaker. Such 

an output signal may be applied to a fixed installed loudspeaker from an audio 

equipment. The loudspeakers of such an audio equipment are positioned in the 

room 	depending 	on 	the 	predetermined 	position 	of the 	loudspeaker 	or 	a 

15 predetermined main position of a listener. 

For electrical devices for example tablet PCs or mobile phones the loudspeakers 

may also have a predetermined reproduction position. When the mobile device or 

the listener change the position relative to each other, the reproduction position of 

20 the loudspeakers may be wrong with respect to the listener. In the state of the art 

switches are known which interchange the loudspeaker signal. The switcher 

switches the signal which is determinate for a specific loudspeaker position to a 

loudspeaker which is close to the predetermined position, for example, when the 

position of the loudspeakers has to change at 180°, a signal for a left loudspeaker 

25 to a signal which is applied at a right loudspeaker and a signal for a right 

loudspeaker to a signal which is applied at a left loudspeaker. 

The switcher can only switch between two conditions. 	Further, through the 

switching operation from one position to another position of the loudspeakers, the 

30 sound impression of the listener is negatively influenced. 

The object of the present invention is to provide an audio processor which may 

provide an audio signal to a loudspeaker, wherein a loudspeaker signal for a 
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predetermined loudspeaker position is finely tuned in respect to a listener with 

simultaneous consideration of a reduction of the negative influences of the sound 

impression through the switching process. A further object of the present invention 

is it to provide an electrical device which uses such an audio processor. 

5 

This object is solved by the subject matter of the independent claims. 

According to an embodiment of the invention, the audio processor comprises an 

input interface, a detector interface, a mixer and an output interface. The input 

10 interface receives at least two input audio channels, each input audio channel 

being associated with a predetermined reproduction position of at least two 

loudspeakers on at least one loudspeaker axis. The detector interface receives a 

position 	signal 	indicating 	an 	information 	on 	a 	position 	of the 	at 	least two 

loudspeakers with respect to an ear axis of a listener, wherein the ear axis and the 

15 at least one loudspeaker axis have an angle to each other, being greater than 0° 

and lower than 180° The mixer mixing the at least two input audio channels to 

obtain the at least two output channels depending on the position signal, such that 

a portion of the second input audio channel in the first output channel for a first 

angle between the ear axis and the loudspeaker axis is greater than a portion of 

20 the second input audio channel in the first output channel for a second angle 

between the ear axis and the loudspeaker axis, wherein the first angle is greater 

than the second angle. Further a portion of the first input audio channel in the 

second output channel for the first angle is greater than a portion of the first input 

audio channel in the second output channel for the second angle, wherein the first 

25 angle is greater than the second angle. Further also a portion of the first input 

audio channel in the first output channel for a first angle may be smaller than a 

portion of the first input audio channel in the first output channel for a second 

angle, wherein the first angle is greater than the second angle. Further a portion of 

the second input audio channel in the second output channel for a first angle may 

30 be smaller than a portion of the second input audio channel in the second output 

channel for a second angle, wherein the first angle is greater than the second 

angle. The output interface outputting the at least two output channels to the at 

least two loudspeakers. 
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The audio processor receives a position signal which indicates information on a 

position of the loudspeakers with respect to the ear axis of the listener. The mixer 

may mix for each input audio signal, which is designed for a predetermined 

5 reproduction position of a loudspeaker depending on this position signal, an output 

channel for each of the loudspeakers. The position signal may be generated by a 

detector such that the position of the listener with respect to the loudspeakers may 

be gathered automatically and the audio processor can compensate the difference 

between the predetermined reproduction position of the loudspeakers and a true 

10 position of the loudspeakers with respect to the ear axis of the listener. The mixer 

is able to mix the input audio signals smoother to the output channels then a 

switcher, which only may switch between the loudspeakers. 

In a preferred embodiment of the audio processor the input interface is configured 

15 to receive a left channel as the first input audio channel and a right channel as the 

second input audio channel. A portion of the left channel in the first output channel 

is greater than a portion of the right channel, wherein the angle is between 0° and 

90°, and a portion of the right channel in the second output channel is greater than 

a portion of the left channel, wherein the angle is between 0° and 90°. Further, the 

20 portion of the right channel in the first output channel is greater than the portion of 

the left channel, wherein the angle is between 90° and 180°, and the portion of the 

left channel in the second output channel is greater than the portion of the right 

channel, wherein the angle is between 90° and 180°. Through the allocation of a 

main part of the left channel to the first output channel and the main part of the 

25 right channel to the second output channel for an angle which is between 0° and 

90°, the first output channel can be applied to a loudspeaker on the left side and 

the second output channel can be applied to a loudspeaker on the right side with 

respect to the listener. When the angle is between 90° and 180° the main part of 

the right channel is allocated to the first output channel and that main part of the 

30 left channel to the second output channel. Thereby, the first output channel may 

be applied to a loudspeaker on the right side and the second output channel may 

be applied to a loudspeaker on the left side in respect to the listener, such that the 
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predetermined position of the loudspeaker corresponds with the true position of  

the loudspeaker. 

In a preferred embodiment of the audio processor the input interface is configured 

5 to receive an upper left channel as the third input audio channel and an upper right 

channel as the fourth input audio channel. A portion of the upper left channel in the 

first output channel is greater than the portion of the right channel, wherein the 

angle is between 0° and 90°, and the portion of the right channel in the second 

output channel is greater than the portion of the upper left channel, wherein the 

10 angle is between 0° and 90°. Further, a portion of the upper right channel in the 

first output channel is greater than the portion of the left channel, wherein the 

angle is between 90° and 180°, and the portion of the left channel in the second 

output channel is greater than the portion of the upper right channel, wherein the 

angle is between 90° and 180°. When the angle is between 0° and 90°, the first 

15 output channel is close to the predetermined reproduction position of the upper left 

channel and the second output channel is close to the predetermined reproduction 

position of the right channel, thus for an improved sound impression the upper left 

channel should be applied to the first output channel and the right channel should 

be applied to the second output channel. Further, the first output channel is further 

20 away from the predetermined reproduction position of the right channel and the 

second output channel is further away from the predetermined reproduction 

position of the upper left channel. Thus, for an improved sound impression the 

right channel should not be applied to the first output channel and the upper left 

channel should not be applied to the second output channel. When the angle is 

25 between 90° and 180°, the first output channel is close to the predetermined 

reproduction position of the upper right channel and the second output channel is 

close to the predetermined reproduction position of the left channel, thus for an 

improved sound impression, the upper right channel should be applied to the first 

output channel and the left channel should be applied to the second output 

30 channel. Further, the first output channel is further away from the predetermined 

reproduction position of the left channel and the second output channel is further 

away from the predetermined reproduction position of the upper right channel, and 

thus for an improved sound impression the left channel should not be applied to 
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the first output channel and the upper right channel should not be applied to the 

second output channel. 

In a preferred embodiment of the audio processor, the input interface is configured 

5 to receive an upper channel. A portion of the upper channel in the first output 

channel is greater than the portion of the right channel, wherein the angle is 

between 0° and 90°, and the portion of the right channel in the second output 

channel is greater than the portion of the upper channel, wherein the angle is 

between 0° and 90°. Further, the portion of the upper channel in the first output 

10 channel is greater than the portion of the left channel, wherein the angle is 

between 90° and 180°, and the portion of the left channel in the second output 

channel is greater than the portion of the upper channel, wherein the angle is 

between 90° and 180°. When the angle is between 0° and 90°, the first output 

channel is close to the predetermined reproduction position of the upper channel 

15 and the second output channel is close to the predetermined reproduction position 

of the right channel. Thus, for an improved sound impression to the listener, a 

greater portion of the upper channel may be applied to the first output channel and 

a greater portion of the right channel may be applied to the second output channel. 

Further, in this angle range the upper channel and the right channel may not, or 

20 just sparsely, be applied to the opposite output channels. Further, for an angle 

between 90° and 180°, the first output channel is still close to the predetermined 

reproduction position of the upper channel and the second output channel is close 

to the predetermined 	reproduction position of the left channel. Thus, for an 

improved sound impression to the listener, a greater portion of the upper channel 

25 may be applied to the first output channel and a greater portion of the left channel 

may be applied to the second output channel. Further, in this angle range may the 

upper channel and the left channel not, or just sparsely, be applied to the opposite 

output channels. 

30 In a preferred embodiment of the audio processor the input interface is configured 

to receive the left channel as the first input audio channel, the right channel as the 

second input audio channel, the upper left channel as the third input audio channel 

and the upper right channel as the fourth input audio channel. The mixer is 
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configured to generate, for an angle equal to 90°, the first output channel and the 

second output channel. The first output channel comprises in total a portion of 

more than 30% from the third input audio channel and more than 30% from the 

fourth input audio channel. The second output channel comprises in total a portion 

5 of more than 30% from the first input audio channel and more than 30% from the 

second input audio channel. The described distribution of the portion of the input 

audio channels to the output channels improves the sound impression for the 

listener with respect to the listener's ear axis by a device with four input audio 

channels. 

10 

In a preferred embodiment of the audio processor the input interface is configured 

to receive the left channel as the first input audio channel, the right channel as the 

second input audio channel and the upper channel as, for example, the fifth input 

audio channel. The mixer is configured to generate, for an angle equal to 90°, the 

15 first output channel which comprises the fifth input audio channel, and the second 

output channel which comprises a combination of the first and second input audio 

channel. The described distribution of the portion of the input audio channels to 

the output channels improves the sound impression for the listener with respect to 

the listener's ear axis by a device with three input audio channels. 

20 

In a preferred embodiment of the audio processor the mixer is configured so that 

the portion of the second input channel in the first output channel or the portion of 

the first input channel in the second output channel or the portion of the first input 

channel in the first output channel or the portion of the second input channel in the 

25 second output channel is delayed with respect to the corresponding other portion. 

Through the delay a shift of the loudspeakers in parallel to the ear axis can be 

compensated. 

In a preferred embodiment of the audio processor the mixer comprises a matrix 

30 processor having variable matrix elements, wherein the variable matrix elements 

are adapted based on the position signal. A matrix processor eases the coding of 

the audio processor and the generating of the output channels by the processor. 
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Depending on the number of input audio channels and output channels, matrices 

with various numbers of rows and various numbers of columns are realizable. 

In 	a 	preferred 	embodiment of the audio processor the matrix processor is 

5 configured to use complex matrix elements. Through complex matrix elements a 

time shifting from an audio signal may be achieved, such that the loudspeaker 

may be shifted 	in 	parallel to the 	ear axis of the listener, 	wherein a signal 

propagation 	delay 	time 	of 	the 	loudspeaker 	sound 	for 	the 	listener 	may 

compensated. 

10 

In a preferred embodiment of the audio processor the mixer comprises a first 

adder and a second adder. The first adder adds a first processed first input audio 

channel and a third processed second input audio channel and the second adder 

adds a second processed first input audio channel and a fourth processed second 

15 input audio channel. The first processed first input audio channel is processed 

using a first processor having a first gain value. The second processed first input 

audio channel is processed using a second processor having a second gain value. 

The third processed second input audio channel is processed using a third 

processor having a third gain value. The fourth processed second input audio 

20 channel is processed using a fourth processor having a fourth gain value. The first 

and fourth gain values decrease between 45° and 135° and the second and the 

third gain values increase between 45° and 135°. The first and the second adder 

enable the mixer to add a plural number of input audio channels to one output 

channel. The input audio channels may comprise a gain value. The mixed input 

25 audio channels with gain value may be applied as an output channel to the 

loudspeakers. 

Moreover, an electrical device is provided. The electrical device comprises an 

audio processor as described above, the at least two loudspeakers and a detector 

30 for detecting the information on the position of the at least two loudspeakers with 

respect to the ear axis of the listener and for generating the position signal which 

is coupled to the detector interface. 
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Furthermore, a method for audio processing is described. The method comprises: 

- Receiving at least two input audio channels, each input audio channel being 

associated 	with 	a 	predetermined 	reproduction 	position 	of 	at 	least two 

5 loudspeakers on at least one loudspeaker axis. 

- Receiving a position signal indicating an information on a position of the at 

least two loudspeakers with respect to an ear axis of a listener, wherein the 

ear axis and the at least one loudspeaker axis have an angle to each other 

10 being greater than 0° and lower than 180°. 

- Mixing the at least two input audio channels to obtain the at least two output 

channels depending on the position signal, such that a portion of the second 

input audio channel in the first output channel for a first angle is greater than 

15 the portion of the second input audio channel in the first output channel for a 

second angle, wherein the first angle is greater than the second angle or 

a portion of the first input audio channel in the second output channel for the 

first angle is greater than the portion of the first input audio channel in the 

second output channel for the second angle, wherein the first angle is greater 

20 than the second angle. And: 

- 	Outputting the at least two output channels to the at least two loudspeakers. 

Moreover, a computer program having a program code for implementing one of 

25 the above-described methods when being executed on a computer or processor is 

provided. 

In the following, embodiments of the present invention are described in more detail 

with reference to the figures, in which: 

30 

Fig. 1 	shows 	an 	illustration 	of an 	audio 	processor with 	two 	input audio 

channels and two output channels; 
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5 loudspeakers on at least one loudspeaker axis. 

Receiving a position signal indicating an information on a position of the at 

least two loudspeakers with respect to an ear axis of a listener, wherein the 

ear axis and the at least one loudspeaker axis have an angle to each other 

10 being greater than 0° and lower than 180°. 

Mixing the at least two input audio channels to obtain the at least two output 

channels depending on the position signal, such that a portion of the second 

input audio channel in the first output channel for a first angle is greater than 

15 the portion of the second input audio channel in the first output channel for a 

second angle, wherein the first angle is greater than the second angle or 

a portion of the first input audio channel in the second output channel for the 

first angle is greater than the portion of the first input audio channel in the 

second output channel for the second angle, wherein the first angle is greater 

20 than the second angle. And: 

Outputting the at least two output channels to the at least two loudspeakers. 

Moreover, a computer program having a program code for implementing one of 

25 the above-described methods when being executed on a computer or processor is 

provided. 

In the following, embodiments of the present invention are described in more detail 

with reference to the figures, in which: 

30 

Fig. 1 shows an illustration of an audio processor with two input audio 

channels and two output channels; 
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Fig. 2 shows a listener with an electrical device; 

Fig. 3a shows an illustration of the loudspeaker axis; 

5 Fig. 3b shows 	an 	example of a 	line chart with four gain values for four 

processors; 

Fig. 3c shows a further example of a line chart with four gain values for four 

processors; 

10 

Fig. 4 shows an illustration of an audio processor according to a further 

embodiment; 

Fig. 5a shows 	an 	electrical 	device 	which 	comprises 	a 	first 	and 	second 

15 loudspeaker; 

Fig. 5b shows the tablet PC with a 90° rotated loudspeaker axis with regard to 

the ear axis of the listener; 

20 Fig. 6a shows an illustration of a loudspeaker axis; 

Fig. 6b shows 	a 	first 	example 	of 	a 	line 	chart with 	gain 	values 	for 	an 

embodiment as shown in Figure 4; 

25 Fig. 6c shows a second example of a line chart with gain values for an 

embodiment as shown in Figure 4; 

Fig. 7 shows an 	illustration of an audio processor according to a further 

embodiment; 

30 

Fig. 8a shows an illustration of a loudspeaker axis; 
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Fig. 8b 	shows 	a 	first example 	of a 	line 	chart with 	gain 	values 	for 	an 

embodiment as shown in Figure 7; 

Fig. 8c 	shows a second example of a line chart with gain values for an 

5 embodiment as shown in Figure 7; 

Fig. 9 	shows an electrical device with a loudspeaker axis which is in parallel to 

the ear axis of the listener; 

10 Fig. 10 	shows a first signal and an amplified signal. 

Equal or equivalent elements or elements with equal or equivalent functionality are 

denoted in the following description by equal or equivalent reference numerals. 

15 Figure 1 shows an illustration of an audio processor according to an embodiment. 

The audio processor may comprise an input interface for receiving at least two 

input audio channels 121, 122. The input interface may comprises at least one 

connection point between an additional device and the audio processor 10. The 

additional device may for example be a sound storage device, such as a hard disk 

20 with an audio output interface or a sound generating device, for example a tuner or 

a microphone with an audio output interface. An audio output interface of the 

additional device may be connected with the input audio channel 121, 122 and may 

apply a sound signal, for example music, voices or further noises to the input 

interface. 

25 

Each of the input audio channels 121, 122 is associated with a predetermined 

reproduction position of at least two loudspeakers on at least one loudspeaker 

axis. The predetermined reproduction position of the loudspeaker may describe 

the position of the loudspeaker with respect a listener. The input interface may, for 

30 example, be configured to receive a left channel L as the first input audio channel 

121  and a right channel R as the second input audio channel 122. The loudspeaker 

axis 16 describes for example the shortest connection between two loudspeakers 

which may receive opposite audio signals, for example a 	right and a left 
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loudspeaker 	signal. 	The 	loudspeaker 	axis 	16 	may 	proceed 	straightly 	or 

rectangularly through an electrical device. 

Further, the audio processor comprises a detector interface 32 for receiving a 

5 position signal 18. The detector interface 32 may comprise at least one connection 

point between a detector 40 and the audio processor 10. The detector 40 may 

generate the position signal 18. The position signal 18 will be explained later with 

reference to Figure 2. The detector 40 may for example be an absolute-position 

transducer, a system which determines the position of a listener, for example with 

10 a camera, e.g. a headtracking system. The detector 40 or the detector interface 32 

may for example also be coupled with a monitor of the electrical device and may 

change the position signal 18 depending on the monitor switching signal. 

Moreover, the audio processor 10 comprises a mixer 22 for mixing the at least two 

15 input audio channels 121, 122  to obtain the at least two output channels 141, 142  

depending on the position signal 	18. The mixer may couple the input audio 

channels 121, 	122  with the output channels 	141, 	142, wherein each coupling 

comprises a processor 341, 342, 343, 344. In the mixer as shown in Figure 1, a first 

processor 341  is connected between the first input audio channel 121  and the first 

20 output channel 141. A second processor 342  is connected between the first input 

audio channel 121  and the second output channel 142. A third processor 343  is 

connected between the second input audio channel 122  and the first output 

channel 141. A fourth processor 344  is connected between the second input audio 

channel 122  and the second output channel 142. 

25 

The input audio channels 121, 122  may be amplified with the gain value K1, K2, K3, 

K4 of the processors 341, 342, 343, 344  such that the processed input audio 

channel is a portion of the corresponding input audio channel 121, 122. 

30 A first and a second adder 241, 242 may be connected between the processors 

341, 342, 343, 344  and the output channels 141, 142. Each of the adders 241, 242 

adding at least two processed input channels, wherein each processed input 

channel is processed using a processor 341, 342, 343, 344, wherein the processors 
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341, 342, 343, 344, process the input audio channels 121,  122, 123, 124  with a gain 

value K1, K2, K3, K4. 

5 

The first adder 241  adds the processed first and second input audio channels 121, 

122  and generates the first output channel 141  or generates the signal which is 

applied to the first output channel 141, respectively. The second adder 242  adds 

the processed first and second input audio channels 121, 122  and generates the 

second output channel 142  or generates the signal which is applied to the second 

output channel 142, respectively. 

10 

The mixer 22 comprises the first and a second adder 241, 242. The first adder 241 

adding a first processed first input audio channel 121  and a third processed second 

input audio channel 122. The second adder 242  adding a second processed first 

input audio channel 122  and a fourth processed second input audio channel 122 

15 The first processed first input audio channel 	121 	is processed 	using 	a first 

processor 341  having a first gain value K1. The second processed first input audio 

channel 121  is processed using a second processor 342  having a second gain 

value K2. The third processed second input audio channel 122  is processed using 

a third processor 343  having a third gain value K3. The fourth processed second 

20 input audio channel 122  is processed using a fourth processor 344  having a fourth 

gain value K4. The first and fourth gain values K1, K4 decrease with an increasing 

angle, preferentially for an angle between 0° and 180° and more preferentially for 

an angle between 45° and 135°, and the second and the third gain values K2, K3 

increase with an increasing angle, preferentially for an angle between 0° and 180° 

25 and more preferentially for an angle between 45° and 135°. 

The gain values K1, K2, K3, K4 with which the processors 341, 342, 343, 344  

processed the input audio channel may be different for each of the processors 341, 

342, 343, 344  and varies depending on the position signal 18 which is applied to the 

30 processors 341, 342, 343, 344. The gain value may be adapted to the position 

signal 18 and may be a number between 0 and 1. If the value is nearly 0 then the 

portion of said input audio channel is nearly not included in the output channel. If 
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34-1, 342, 343, 344, process the input audio channels 12i 122, 123, 124 with a gain 

value K1, K2, K3, K4. 

The first adder 24i adds the processed first and second input audio channels 12i, 

5 122 and generates the first output channel 14i or generates the signal which is 

applied to the first output channel 14i, respectively. The second adder 242 adds 

the processed first and second input audio channels 12i, 122 and generates the 

second output channel 142 or generates the signal which is applied to the second 

output channel 142, respectively. 

10 
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channel 12i is processed using a second processor 342 having a second gain 

value K2. The third processed second input audio channel 122 is processed using 

a third processor 343 having a third gain value K3. The fourth processed second 

20 input audio channel 122 is processed using a fourth processor 344 having a fourth 

gain value K4. The first and fourth gain values K1, K4 decrease with an increasing 

angle, preferentially for an angle between 0° and 180° and more preferentially for 

an angle between 45° and 135°, and the second and the third gain values K2, K3 

increase with an increasing angle, preferentially for an angle between 0° and 180° 

25 and more preferentially for an angle between 45° and 135°. 

The gain values K1, K2, K3, K4 with which the processors 34i, 342, 343, 344 

processed the input audio channel may be different for each of the processors 34^ 

342, 343, 344 and varies depending on the position signal 18 which is applied to the 

30 processors 34i, 342, 343, 344. The gain value may be adapted to the position 

signal 18 and may be a number between 0 and 1. If the value is nearly 0 then the 

portion of said input audio channel is nearly not included in the output channel. If 
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the gain value is nearly 1 	the portion of said input audio channel is nearly 

completely included in the output channel. 

The sum of added gain values K1, K2 from the processors, for example from the 

5 processors 341, 342, which are connected with the first adder 241, may be constant 

independent of the position signal 18. The sum of added gain values from the 

processors 343, 344  which are connected with the second adder 242  may also be 

constant independent of the position signal 18. If the gain value K1, K2, K3, K4 is 

between 0 and 1, then the sum of added gain values K1, K2, K3, K4 from the 

10 processors 341, 342, 343, 344  which are connected with the first or the second 

adder 241, 242  may be 1. For example the processors 341, 343  are connected to 

the first adder 241, the first gain value K1 is 0.2 and the third gain value K3 is 0.8, 

such that the sum of the first and the third gain values Kl, K3 at the first adder 241  

is 1. 

15 

The gain value may be represented by a real number or by a complex number. A 

complex gain value enables the mixer 22 to delay the input audio channel. In 

embodiments of the invention, if the gain value is between 0 and 1, the gain value 

may not be a natural number, the natural numbers 0 and 1 representing an angle 

20 from 0° and 180°. The angle will be explained later with reference to Figure 2. 

The mixer 22 may comprises a matrix processor having variable matrix elements, 

wherein the variable matrix elements are adapted based on the position signal 18. 

The variable matrix element may be equal to the gain value K1, K2, K3, K4. The 

25 matrix processor eases the coding of the audio processor 10 and the generation of 

the output channels 141, 142 by the processors 341, 342, 343, 344. Depending on 

the number of the input audio channels 121, 122  and the output channels 141, 142, 

matrices with various numbers of rows and various numbers of columns are 

realizable. For example, a matrix element with four rows and two columns may be 

30 used for a matrix processor with four input audio channels 121  - 124  and two output 

channels 141, 142. The matrix processor may also be configured to use complex 

matrix elements. 
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Further the processor comprises an output interface for outputting the at least two 

output channels 141, 142  to the at least two loudspeakers. The output interface 

may comprise at least one connection point between the audio processor 10 and 

the loudspeakers. 

5 

Figure 2 shows a listener 28 with an electrical device 30. The electrical device may 

for example be a mobile phone (smart phone) or a tablet PC. It may also be a 

device like a TV, a computer or a Hi-Fi system, which stands alone in a room or is 

mounted on a wall, for example. The electrical device 30 may comprise an 

10 embodiment of the audio processor 10, at least two loudspeakers and a detector 

40 for detecting the information on the position of the at least two loudspeakers 

261, 262  with respect to the ear axis 20 of the listener 28 and for generating the 

position signal 18 which is coupled to the detector interface 32. The electrical 

device 30 shown in Figure 2, comprises a first loudspeaker 261  and a second 

15 loudspeaker 262. The first loudspeaker 261  and the second loudspeaker 262  are 

arranged on the electrical device 30. The shortest distance between the first and 

the second loudspeaker 261, 262  represents the loudspeaker axis 16. A line 

between two ears of a listener 28 representing the ear axis 20. The loudspeaker 

axis 16 and the ear axis 20 include the angle 36. The loudspeaker axis 16 and the 

20 ear axis 20 may have any angle 36 to each other. If the angle is 0° or 180°, then 

the loudspeaker axis 16 and the ear axis 20 are in parallel to each other. If the 

angle is 0°, then a left loudspeaker may be positioned on a left side of the 

electrical device 30 and a right loudspeaker may be positioned on a right side of 

the electrical device 30 with regard to the viewing direction of the listener 28. If the 

25 angle is 180°, then the left loudspeaker may be positioned on the right side of the 

electrical device 30 and the right loudspeaker may be positioned on the left side of 

the electrical device 30 with regard to the viewing direction of the listener 28. 

The position signal 18 indicates an information on a position of the at least two 

30 loudspeakers 261, 262  with respect to an ear axis of a listener 28, wherein the ear 

axis 20 and the at least one loudspeaker axis 16 have an angle 36 to each other 

being greater than 0° and lower than 180°. 
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Figure 3a shows an illustration of the loudspeaker axis. The first loudspeaker may 

be arranged on position 1 and the second loudspeaker may be arranged on 

position 2. The four graphics represent four orientations of the loudspeaker axis. 

The graphics are labeled with the angle between the loudspeaker axis and the ear 

5 axis. 

The input interface may be configured to receive a left channel L as the first input 

audio channel 121  and a right channel R as the second input audio channel 122. A 

portion of the left channel L in the first output channel 141  may be greater than a 

10 portion of the right channel R, wherein the angle is between 0° and 90° or the 

angle is between 270° and 360°. A portion of the right channel R in the second 

output channel 142  may be greater than a portion of the left channel L, wherein the 

angle is between 0° and 90° or the angle is between 270° and 360°. The portion of 

the right channel R in the first output channel 141  may be greater than the portion 

15 of the left channel L, wherein the angle is between 90° and 180° or the angle is 

between 180° and 270°. The portion of the left channel L in the second output 

channel 142  may be greater than the portion of the right channel R, wherein the 

angle is between 90° and 180° or the angle is between 180° and 270°. 

20 Figure 3b shows an example of a line chart with four gain values K1 - K4 for the 

four processors for an embodiment, for example as shown in Figure 1. The gain 

values K2 and K3 increase in a linear way from 0 to 1 between 0° and 180°; and 

decrease in a linear way from 1 to 0 between 180° and 360°. The gain values K1 

and K4 decrease in a linear way from 1 to 0 between 0° and 180° and increase in 

25 a linear way from 0 to1 between 180° and 360°. 

30 

Figure 3c shows a further example of a line chart with four gain values K1 - K4 for 

the four processors for an embodiment, for example as shown in Figure 1. The 

gain values K2 and K3 show approximately a cosine function starting from 0 at 0°, 

increasing to 1 at 180° and decreasing to 0 at 360°. The gain values K1 and K4 

show approximately a cosine function starting from 1 at 0°, decreasing to 0 at 180° 

and increasing to 1 at 360°. 
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In general, for a first angle between the ear axis and the loudspeaker axis which is 

greater than a second angle between the ear axis and the loudspeaker axis, a 

portion of the second input audio channel 122  in the first output channel 141  for the 

first angle is greater than a portion of the second input audio channel 122  in the 

5 first output channel 141  for the second angle. 

For an angle 36 between 90° and 180° or between 180° and 270° the portion of 

the second input audio channel 122  in the first output channel 141  may be greater 

than the portion of a first input audio channel 121  in the first output channel 141. 

10 

For an angle 36 between 0° and 180° the portion of the second input audio 

channel 122  in the first output channel 141  may increase and the portion of the first 

input audio channel 121  in the first output channel 141  may decrease. 

15 In general, for the first angle which is greater than the second angle a portion of 

the first input audio channel 121  in the second output channel 142  for the first angle 

is greater than a portion of the first input audio channel 121  in the second output 

channel 142  for the second angle. 

20 For an angle 36 between 90° and 180° or between 180° and 270° the portion of 

the first input audio channel 121  in the second output channel 142  may be greater 

than the portion of a second input audio channel 122  in the second output channel 

142. 

25 For an angle between 0° and 180° the portion of the first input audio channel 121 

in the second output channel 142  may increase and the portion of the second input 

audio channel 122  in the second output channel 142  may decrease. 

Figure 4 shows an illustration of an audio processor according to a further 

30 embodiment. The audio processor may comprise an input interface for receiving 

four input audio channels 121, 122, 123, 124. The input interface may, for example, 

be configured to receive a left channel L as the first input audio channel 121  and a 

right channel R as the second input audio channel 122, and further an upper left 
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In general, for a first angle between the ear axis and the loudspeaker axis which is 

greater than a second angle between the ear axis and the loudspeaker axis, a 

portion of the second input audio channel 122 in the first output channel 14i for the 

first angle is greater than a portion of the second input audio channel 122 in the 

5 first output channel 14-t for the second angle. 

For an angle 36 between 90° and 180° or between 180° and 270° the portion of 

the second input audio channel 122 in the first output channel 14i may be greater 

than the portion of a first input audio channel 12i in the first output channel 14^ 

10 
For an angle 36 between 0° and 180° the portion of the second input audio 

channel 122 in the first output channel 14i may increase and the portion of the first 

input audio channel 12i in the first output channel 14i may decrease. 

15 In general, for the first angle which is greater than the second angle a portion of 

the first input audio channel 12i in the second output channel 142 for the first angle 

is greater than a portion of the first input audio channel 12i in the second output 

channel 142 for the second angle. 

20 For an angle 36 between 90° and 180° or between 180° and 270° the portion of 

the first input audio channel 12i in the second output channel 142 may be greater 

than the portion of a second input audio channel 122 in the second output channel 

142. 

25 For an angle between 0° and 180° the portion of the first input audio channel 12i 

in the second output channel 142 may increase and the portion of the second input 

audio channel 122 in the second output channel 142 may decrease. 

Figure 4 shows an illustration of an audio processor according to a further 

30 embodiment. The audio processor may comprise an input interface for receiving 

four input audio channels 12i, 122, 123, 124. The input interface may, for example, 

be configured to receive a left channel L as the first input audio channel 12i and a 

right channel R as the second input audio channel 122, and further an upper left 
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channel HL as the third input audio channel 123  and an upper right channel HR as 

the fourth input audio channel 124. The mixer in the embodiment comprises four 

input audio channels 121, 122, 123, 124  and generates two output channels 141, 142 

depending on the position signal 18. 

5 

The mixer may couple the input audio channels 121, 122, 123, 124  with the output 

channels 141, 142, wherein each coupling comprises a processor 341, 342, 343, 

344, 345, 346, 347, 348. In the mixer as shown in Figure 4, a first processor 341  is 

connected between the first input audio channel 121  and the first output channel 

10 141. A second processor 342  is connected between the first input audio channel 

121  and the second output channel 142. A third processor 343  is connected 

between the second input audio channel 122  and the first output channel 141. A 

fourth processor 344  is connected between the second input audio channel 122 

and the second output channel 142. A fifth processor 345  is connected between the 

15 third input audio channel 123  and the first output channel 141. A sixth processor 

346  is connected between the third input audio channel 123  and the second output 

channel 142. A seventh processor 347  is connected between the fourth input audio 

channel 124  and the first output channel 141. A eighth processor 348  is connected 

between the fourth input audio channel 124  and the second output channel 142. 

20 

The first adder 241  may be connected between the processors 341, 343, 345, 347, 

and the first output channels 141. The second adder 242  may be connected 

between the processors 342, 344, 346, 348 and the second output channels 142. 

Each processor 341, 342, 343, 344, 345, 346, 347, 348  processed the input audio 

25 channel 121, 122, 123, 124  with a gain value K1 - K8. 

The first adder 241  adds a first processed first input audio channel 121, a third 

processed second input audio channel 122, a fifth processed third input audio 

channel 123  and a seventh processed fourth input audio channel 124. The second 

30 adder 242 adds a second processed first input audio channel 121, a fourth 

processed second input audio channel 122, a sixth processed third input audio 

channel 123. and a eighth processed fourth input audio channel 124. The first 

processed first input audio channel 121  is processed using a first processor 341 
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channel HL as the third input audio channel 123 and an upper right channel HR as 

the fourth input audio channel 124. The mixer in the embodiment comprises four 

input audio channels 12i 122, 123, 124 and generates two output channels 141f 142 

depending on the position signal 18. 

5 

The mixer may couple the input audio channels 12i, 122i 123, 124 with the output 

channels 14i, 142, wherein each coupling comprises a processor 34^ 342, 343, 

344, 345, 346, 347) 348. In the mixer as shown in Figure 4, a first processor 341 is 

connected between the first input audio channel 12-i and the first output channel 

10 14i. A second processor 342 is connected between the first input audio channel 

12i and the second output channel 142. A third processor 343 is connected 

between the second input audio channel 122 and the first output channel 14i. A 

fourth processor 344 is connected between the second input audio channel 122 

and the second output channel 142. A fifth processor 345 is connected between the 

15 third input audio channel 123 and the first output channel 14i. A sixth processor 

346 is connected between the third input audio channel 123 and the second output 

channel 142. A seventh processor 347 is connected between the fourth input audio 

channel 124 and the first output channel 14i. A eighth processor 348 is connected 

between the fourth input audio channel 124 and the second output channel 142. 

20 

The first adder 241 may be connected between the processors 34i, 343, 345, 347, 

and the first output channels 14i. The second adder 242 may be connected 

between the processors 342, 344, 346, 348 and the second output channels 142. 

Each processor 34-i, 342, 343, 344, 345, 346, 347, 348 processed the input audio 

25 channel 12i, 122,123, 124 with a gain value K1 - K8. 

The first adder 24! adds a first processed first input audio channel 12-i, a third 

processed second input audio channel 122, a fifth processed third input audio 

channel 123 and a seventh processed fourth input audio channel 124. The second 

30 adder 242 adds a second processed first input audio channel 12i, a fourth 

processed second input audio channel 122l a sixth processed third input audio 

channel 123. and a eighth processed fourth input audio channel 124. The first 

processed first input audio channel 12i is processed using a first processor 34-i 
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having a first gain.value K1. The second processed first input audio channel 121  is 

processed using a second processor 342  having a second gain value K2. The third 

processed second input audio channel 122  is processed using a third processor 

343  having a third gain value K3. The fourth processed second input audio channel 

5 122  is processed using a fourth processor 344  having a fourth gain value K4. The 

fifth processed third input audio channel 123  is processed using a fifth processor 

345  having a fifth gain value K5. The sixth processed third input audio channel 123  

is processed using a sixth processor 346  having a sixth gain value K6. The 

seventh processed fourth input audio channel 124  is processed using a seventh 

10 processor 347  having a seventh gain value K7. The eighth processed fourth input 

audio channel 124  is processed 348  using a eighth processor having an eighth gain 

value K8. 

Figure 5a shows an electrical device 30, for example a tablet PC, which may 

15 comprise the first 	loudspeaker 261 	and 	the 	second 	loudspeaker 262. 	The 

loudspeakers 261, 262  are arranged on the loudspeaker axis on a left and on a 

right side of the electrical device 30. The first loudspeaker 261  is on the left side of 

the electrical device and the second loudspeaker 262  is on the right side of the 

electrical device. The input interface is configured to receive the left channel L as 

20 the first input audio channel 121, the right channel R as the second input audio 

channel 122, the upper left channel HL as the third input audio channel 123  and the 

upper right channel HR as the fourth input audio channel 124. 

In the embodiment of Figure 5a a proportion of the first and the third input audio 

25 channels 121, 123  in the first output channel is greater than the portion of the 

second and the fourth input audio channel 122, 124. The first output channel 141  

may be applied to the first loudspeaker 261. Further, a proportion of the second 

and the fourth input audio channel 122, 124 in the second output channel 142  is 

greater than the portion of the first and the third input audio channel 121, 123. The 

30 second output channel 142 may be applied to the second loudspeaker 262. 

Figure 5b shows the tablet PC with a 90° rotated loudspeaker axis with regard to 

the ear axis of the listener. The loudspeakers 261, 262 are arranged on one 
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having a first gain value K1. The second processed first input audio channel 12i is 

processed using a second processor 342 having a second gain value K2. The third 

processed second input audio channel 122 is processed using a third processor 

343 having a third gain value K3. The fourth processed second input audio channel 

5 122 is processed using a fourth processor 344 having a fourth gain value K4. The 

fifth processed third input audio channel 123 is processed using a fifth processor 

345 having a fifth gain value K5. The sixth processed third input audio channel 123 

is processed using a sixth processor 346 having a sixth gain value K6. The 

seventh processed fourth input audio channel 124 is processed using a seventh 

10 processor 347 having a seventh gain value K7. The eighth processed fourth input 

audio channel 124 is processed 348 using a eighth processor having an eighth gain 

value K8. 

Figure 5a shows an electrical device 30, for example a tablet PC, which may 

15 comprise the first loudspeaker 26i and the second loudspeaker 262. The 

loudspeakers 26i, 262 are arranged on the loudspeaker axis on a left and on a 

right side of the electrical device 30. The first loudspeaker 26i is on the left side of 

the electrical device and the second loudspeaker 262 is on the right side of the 

electrical device. The input interface is configured to receive the left channel L as 

20 the first input audio channel 12i, the right channel R as the second input audio 

channel 122, the upper left channel HL as the third input audio channel 123 and the 

upper right channel HR as the fourth input audio channel 124. 

In the embodiment of Figure 5a a proportion of the first and the third input audio 

25 channels 12i, 123 in the first output channel is greater than the portion of the 

second and the fourth input audio channel 122, 124. The first output channel 14i 

may be applied to the first loudspeaker 26i. Further, a proportion of the second 

and the fourth input audio channel 122, 124 in the second output channel 142 is 

greater than the portion of the first and the third input audio channel 12i, 123. The 

30 second output channel 142 may be applied to the second loudspeaker 262. 

Figure 5b shows the tablet PC with a 90° rotated loudspeaker axis with regard to 

the ear axis of the listener. The loudspeakers 26i, 262 are arranged on one 
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loudspeaker axis on a upper and a lower side of the electrical device 30. The first 

loudspeaker 261  is on the upper side of electrical device 30 and the second 

loudspeaker 262  is on the lower side of electrical device 30. In the direction of 

Figure 5b the proportion of the third and the fourth input audio channel 123, 124  in 

5 the first output channel 141  is greater than the portion of the first and the second 

input audio channel 121, 122. The first output channel 121  is applied to the first 

loudspeaker 261. Further a proportion of the first and the second input audio 

channel 121, 122 in the second output channel 142  is greater than the portion of the 

third and the fourth input audio channel 123, 124. The second output channel 142  is 

10 applied to the second loudspeaker 262. 

Figure 6a shows an illustration of a loudspeaker axis. The first loudspeaker may 

be arranged on position 1 and the second loudspeaker may be arranged on 

position 2. The eight graphics represent eight orientations of the loudspeaker axis. 

15 The graphics are labeled with the angle between the loudspeaker axis and the ear 

axis. 

The input interface is configured to receive the left channel L as the first input 

audio channel 121, the right channel R as the second input audio channel 122, the 

20 upper left channel HL as the third input audio channel 123  and the upper right 

channel HR as the fourth input audio channel 124. 

Figure 6b shows a first example of a line chart with gain values for an embodiment 

as shown in Figure 4. Figure 6c shows a second example of a line chart with gain 

25 values for an embodiment as shown in Figure 4. Both examples of line charts 

comprise eight gain values K1 - K8 for the eight processors. 

For a first angle between the ear axis and the loudspeaker axis, which is greater 

than a second angle between the ear axis and the loudspeaker axis, a portion of 

30 the second input audio channel 122  in the first output channel 141  for the first angle 

is greater than a portion of the second input audio channel 122  in the first output 

channel 141  for the second angle. 
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loudspeaker axis on a upper and a lower side of the electrical device 30. The first 

loudspeaker 26i is on the upper side of electrical device 30 and the second 

loudspeaker 262 is on the lower side of electrical device 30. In the direction of 

Figure 5b the proportion of the third and the fourth input audio channel 123, 124 in 

5 the first output channel 14i is greater than the portion of the first and the second 

input audio channel 12i, 122. The first output channel 12i is applied to the first 

loudspeaker 26i. Further a proportion of the first and the second input audio 

channel 12i, 122 in the second output channel 142 is greater than the portion of the 

third and the fourth input audio channel 123, 124. The second output channel 142 is 

10 applied to the second loudspeaker 262. 

Figure 6a shows an illustration of a loudspeaker axis. The first loudspeaker may 

be arranged on position 1 and the second loudspeaker may be arranged on 

position 2. The eight graphics represent eight orientations of the loudspeaker axis. 

15 The graphics are labeled with the angle between the loudspeaker axis and the ear 

axis. 

The input interface is configured to receive the left channel L as the first input 

audio channel 12i, the right channel R as the second input audio channel 122, the 

20 upper left channel HL as the third input audio channel 123 and the upper right 

channel HR as the fourth input audio channel 124. 

Figure 6b shows a first example of a line chart with gain values for an embodiment 

as shown in Figure 4. Figure 6c shows a second example of a line chart with gain 

25 values for an embodiment as shown in Figure 4. Both examples of line charts 

comprise eight gain values K1 - K8 for the eight processors. 

For a first angle between the ear axis and the loudspeaker axis, which is greater 

than a second angle between the ear axis and the loudspeaker axis, a portion of 

30 the second input audio channel 122 in the first output channel 14i for the first angle 

is greater than a portion of the second input audio channel 122 in the first output 

channel 14i for the second angle. 
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In general, for the first angle, which is greater than the second angle, a portion of 

the first input audio channel 121  in the second output channel 142  for the first angle 

is greater than a portion of the first input audio channel 121  in the second output 

channel 142  for the second angle. 

5 

A portion of the upper left channel in the first output channel is greater than the 

portion of the right channel, wherein the angle is between 0° and 90°, and the 

portion of the right channel in the second output channel is greater than the portion 

of the upper left channel, wherein the angle is between 0° and 90°. Further a 

10 portion of the upper right channel in the first output channel is greater than the 

portion of the left channel, wherein the angle is between 90° and 180°, and the 

portion of the left channel in the second output channel is greater than the portion 

of the upper right channel, wherein the angle is between 90° and 180°. 

15 The first and fourth gain values decrease with an increasing angle, preferentially 

for an angle between 0° and 180° and more preferentially for an angle between 

45° and 135°. The second and the third gain values increase with an increasing 

angle, preferentially for an angle between 0° and 180° and more preferentially for 

an angle between 45° and 135°. 

20 

Further, the mixer 22 is configured to generate, for an angle equal to 90°, the first 

output channel, which comprises in total a portion of more than 30%, in a preferred 

embodiment more than 45% or 50%, of the third input audio channel and more 

than 30%, in a preferred embodiment more than 45% or 50%, of the fourth input 

25 audio channel, and the second output channel, which comprises in total a portion 

of more than 30%, in a preferred embodiment more than 45% or 50%, of the first 

input audio channel and more than 30%, in a preferred embodiment more than 

45% or 50%, of the second input audio channel. 

30 Figure 7 shows an 	illustration of an audio processor according to a further 

embodiment. The audio processor may comprise an input interface for receiving 

three input audio channels 121, 122, 125. The input interface may, for example, be 

configured to receive the left channel L as the first input audio channel 121, the 
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In general, for the first angle, which is greater than the second angle, a portion of 

the first input audio channel 12i in the second output channel 142 for the first angle 

is greater than a portion of the first input audio channel 12i in the second output 

channel 142 for the second angle. 

5 

A portion of the upper left channel in the first output channel is greater than the 

portion of the right channel, wherein the angle is between 0° and 90°, and the 

portion of the right channel in the second output channel is greater than the portion 

of the upper left channel, wherein the angle is between 0° and 90°. Further a 

10 portion of the upper right channel in the first output channel is greater than the 

portion of the left channel, wherein the angle is between 90° and 180°, and the 

portion of the left channel in the second output channel is greater than the portion 

of the upper right channel, wherein the angle is between 90° and 180°. 

15 The first and fourth gain values decrease with an increasing angle, preferentially 

for an angle between 0° and 180° and more preferentially for an angle between 

45° and 135°. The second and the third gain values increase with an increasing 

angle, preferentially for an angle between 0° and 180° and more preferentially for 

an angle between 45° and 135°. 

20 

Further, the mixer 22 is configured to generate, for an angle equal to 90°, the first 

output channel, which comprises in total a portion of more than 30%, in a preferred 

embodiment more than 45% or 50%, of the third input audio channel and more 

than 30%, in a preferred embodiment more than 45% or 50%, of the fourth input 

25 audio channel, and the second output channel, which comprises in total a portion 

of more than 30%, in a preferred embodiment more than 45% or 50%, of the first 

input audio channel and more than 30%, in a preferred embodiment more than 

45% or 50%, of the second input audio channel. 

30 Figure 7 shows an illustration of an audio processor according to a further 

embodiment. The audio processor may comprise an input interface for receiving 

three input audio channels 12i. 122, 125. The input interface may, for example, be 

configured to receive the left channel L as the first input audio channel 12i the 
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right channel R as the second input audio channel and an upper channel H as the 

for example fifth input audio channel 125. The mixer in the embodiment comprises 

three input audio channels 121, 122, 125, and generates two output channels 141, 

142  depending on the position signal 18. 

5 

The mixer may couple the input audio channels 121, 122, 125  with the output 

channels 141, 142, wherein each coupling comprises a processor 341, 342, 343, 

344, 349, 3410. In the mixer as shown in Figure 7, a first processor 341  is connected 

between the first input audio channel 121 	and the first output channel 141. A 

10 second processor 342  is connected between the first input audio channel 121  and 

the second output channel 142. A third processor 343  is connected between the 

second 	input audio channel 	122 	and 	the first output channel 	141. A fourth 

processor 344  is connected between the second input audio channel 122  and the 

second output channel 142. A ninth processor 349  is connected between the fifth 

15 input audio channel 125  and the first output channel 141. A tenth processor 3410  is 

connected between the fifth input audio channel 125  and the second output 

channel 142. 

The first adder 241  may be connected between the processors 341, 343, 349, and 

20 the first output channel 141. The second adder 242  may be connected between the 

processors 342, 344, 3410 and the second output channel 142. Each processor 341, 

342, 343, 344, 349, 3410, processed the input audio channel 121, 122, 125  with a 

gain value K1, K2, K3, K4, K9, K10. 

25 The first adder 241  adds a first processed first input audio channel 121, a third 

processed second input audio channel 122  and a ninth processed fifth input audio 

channel 125. The second adder 242  adds a second processed first input audio 

channel 121, a fourth processed second input audio channel 122  and a tenth 

processed fifth input audio channel 125. 

30 

The first processed first input audio channel 	121 	is processed 	using a first 

processor 341  having a first gain value Kl. The second processed first input audio 

channel 121  is processed using a second processor 342  having a second gain 
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right channel R as the second input audio channel and an upper channel H as the 

for example fifth input audio channel 125. The mixer in the embodiment comprises 

three input audio channels 12i, 122, 12s, and generates two output channels 14i, 

142 depending on the position signal 18. 

5 

The mixer may couple the input audio channels 12i, 122, 125 with the output 

channels 14i, 142, wherein each coupling comprises a processor 34i, 342, 343, 

344, 349I 34io. In the mixer as shown in Figure 7, a first processor 341 is connected 

between the first input audio channel 12i and the first output channel 14i. A 

10 second processor 342 is connected between the first input audio channel 12i and 

the second output channel 142. A third processor 343 is connected between the 

second input audio channel 122 and the first output channel 14i. A fourth 

processor 344 is connected between the second input audio channel 122 and the 

second output channel 142. A ninth processor 349 is connected between the fifth 

15 input audio channel 125 and the first output channel 14-|. A tenth processor 3410 is 

connected between the fifth input audio channel 125 and the second output 

channel 142. 

The first adder 24-i may be connected between the processors 34i, 343, 34g, and 

20 the first output channel 14i. The second adder 242 may be connected between the 

processors 342, 344, 3410 and the second output channel 142. Each processor 34i, 

342l 343, 344I 34g, 34i0l processed the input audio channel 12i, 122, 125 with a 

gain value K1, K2, K3, K4, K9, K10. 

25 The first adder 241 adds a first processed first input audio channel 12i, a third 

processed second input audio channel 122 and a ninth processed fifth input audio 

channel 125. The second adder 242 adds a second processed first input audio 

channel 12i, a fourth processed second input audio channel 122 and a tenth 

processed fifth input audio channel 125. 

30 

The first processed first input audio channel 12i is processed using a first 

processor 34i having a first gain value K1. The second processed first input audio 

channel 12i is processed using a second processor 342 having a second gain 
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value K2. The third processed second input audio channel 122  is processed using 

a third processor 343  having a third gain value K3. The fourth processed second 

input audio channel 122  is processed using a fourth processor 342  having a fourth 

gain value K4. The ninth processed fifth input audio channel 125  is processed 

5 using a ninth processor 349  having a ninth gain value K9. The tenth processed fifth 

input audio channel 125  is processed using a tenth processor 3410  having a tenth 

gain value K10. 

Figure 8a shows an illustration of a loudspeaker axis. The first loudspeaker may 

10 be arranged on position 1 and the second loudspeaker may be arranged on 

position 2. The four graphics represent four orientations of the loudspeaker axis. 

The graphics are labeled with the angle between the loudspeaker axis and the ear 

axis. 

15 The input interface may, for example, be configured to receive the left channel L 

as the first input audio channel 121, the right channel R as the second input audio 

channel and an upper channel H as, may be, the fifth input audio channel 125. 

Figure 8b shows a first example of a line chart with gain values for an embodiment 

20 as shown in Figure 7. Figure 8c shows a second example of a line chart with gain 

values for an embodiment as shown in Figure 7. Both examples of line charts 

comprise six gain values Kl, K2, K3, K4, K9, K10 for the six processors. 

For a first angle between the ear axis and the loudspeaker axis which is greater 

25 than a second angle between the ear axis and the loudspeaker axis a portion of 

the second input audio channel 122  in the first output channel 141  for the first angle 

is greater than a portion of the second input audio channel 122  in the first output 

channel 141  for the second angle. 

30 For the first angle, which is greater than the second angle, a portion of the first 

input audio channel 121  in the second output channel 142  for the first angle is 

greater than a portion of the first input audio channel 121  in the second output 

channel 142  for the second angle. 
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value K2. The third processed second input audio channel 122 is processed using 

a third processor 343 having a third gain value K3. The fourth processed second 

input audio channel 122 is processed using a fourth processor 342 having a fourth 

gain value K4. The ninth processed fifth input audio channel 125 is processed 

5 using a ninth processor 349 having a ninth gain value K9. The tenth processed fifth 

input audio channel 125 is processed using a tenth processor 34-i0 having a tenth 

gain value K10. 

Figure 8a shows an illustration of a loudspeaker axis. The first loudspeaker may 

10 be arranged on position 1 and the second loudspeaker may be arranged on 

position 2. The four graphics represent four orientations of the loudspeaker axis. 

The graphics are labeled with the angle between the loudspeaker axis and the ear 

axis. 

15 The input interface may, for example, be configured to receive the left channel L 

as the first input audio channel 12i, the right channel R as the second input audio 

channel and an upper channel H as, may be, the fifth input audio channel 125. 

Figure 8b shows a first example of a line chart with gain values for an embodiment 

20 as shown in Figure 7. Figure 8c shows a second example of a line chart with gain 

values for an embodiment as shown in Figure 7. Both examples of line charts 

comprise six gain values K1, K2, K3, K4, K9, K10 for the six processors. 

For a first angle between the ear axis and the loudspeaker axis which is greater 

25 than a second angle between the ear axis and the loudspeaker axis a portion of 

the second input audio channel 122 in the first output channel 14i for the first angle 

is greater than a portion of the second input audio channel 122 in the first output 

channel 14i for the second angle. 

30 For the first angle, which is greater than the second angle, a portion of the first 

input audio channel 12i in the second output channel 142 for the first angle is 

greater than a portion of the first input audio channel 12i in the second output 

channel 142 for the second angle. 
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As shown in Figure 8b and Figure 8c, a portion of the upper channel in the first 

output channel is greater than the portion of the right channel, wherein the angle is 

between 0° and 90°, and the portion of the right channel in the second output 

5 channel is greater than the portion of the upper channel, wherein the angle is 

between 0° and 90°. Further, the portion of the upper channel in the first output 

channel is greater than the portion of the left channel, wherein the angle is 

between 90° and 180°, and the portion of the left channel in the second output 

channel is greater than the portion of the upper channel, wherein the angle is 

10 between 90° and 180°. 

The first and fourth gain values decrease with an increasing angle, preferentially 

for an angle between 0° and 180°, and the second and the third gain values 

increase with an increasing angle, preferentially for an angle between 0° and 180°. 

15 

Further, the mixer may configured to generate, for an angle equal to 90°, the first 

output channel which comprises the fifth input audio channel, and the second 

output channel which comprises a combination of the first and second input audio 

channel. 

20 

The sum of the added gain values which are applied to the first adder and the sum 

of the added gain values which are applied to the second adder may be 1 for each 

of the adders 	if the possible gain value 	is between 	0 and 	1. 	If only one 

loudspeaker 	is 	arranged 	on 	a 	loudspeaker 	axis, 	for 	example 	the 	upper 

25 loudspeaker on the fifth input audio channel, then the gain values K9, K10 of the 

processors which are coupled to said input audio channel may be between 0 and 

1. If two loudspeakers are arranged on a loudspeaker axis, for example the left 

and the right loudspeakers on the first and the second input audio channels, then 

the gain values K1 - K4 of the processors which are coupled to said input audio 

30 channels may between 0 and 0.5. 

Figure 9 shows an electrical device 30 with a loudspeaker axis 16 which is in 

parallel to the ear axis 20 of the listener 28. The electrical device 30 is shifted 
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along the loudspeaker axis 16, such that for example the first loudspeaker 261  

which received the first output channel and the second loudspeaker 262  which 

received the second output channel are not in front of the listener 28. The input 

interface may be configured to receive a left channel as the first input audio 

5 channel and a right channel as the second input audio channel. The mixer may be 

configured so that the portion of the second input channel in the first output 

channel or the portion of the first input channel in the second output channel or the 

portion of the first input channel in the first output channel or the portion of the 

second input channel in the second output channel is delayed with respect to the 

10 corresponding other portion. Through the delay a shift of the loudspeaker axis 16 

to the ear axis 20, which is indicated by a shift angle 38, may compensate such 

that the sound impression for the listener is equal or nearly equal to when the 

electrical device 30 is in front of the listener 28. With the signal delay a signal 

propagation 	delay time 	of the 	loudspeaker sound 	for the 	listener may 	be 

15 compensated. 

Figure 10 shows a first signal S1 and an amplified signal S2. The first signal S1 

may be an input audio signal. The second signal S2 may be an output channel. 

The second signal S2 comprises a delay to this first signal S1 which may be a 

20 signal propagation delay time. The delay may be suited to compensate a shift of 

the electrical device on the loud speaker axis with regard to a listener. 

To generate a delay between the first output channel and the second output 

channel or the second output channel and the first output channel, the audio 

25 processor may be configured to use complex numbers as gain values. 

In other words, the invention relates to a multimedia playback on electrical devices 

with built-in loudspeakers benefits from two or more loudspeakers. A sound stage 

is created that matches the content, e.g. sound events from the left side are 

30 played back mostly from the left speaker. 

However, 	such 	devices can 	also 	be 	used 	in a vertical orientation 	by an 

automatical 90° flip of the video content. However, in state of the art devices, the 
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audio content stays unchanged. This leads to a wrong perceptual impression of 

sound event. Instead of coming from left or right, audio sources appear e.g. on top 

of the video. That leads to a drop in perceptual quality. 

5 With 	the 	introduction 	of 	new 	multichannel 	audio 	formats 	(esp. 	with 	height 

channels), a new mixing procedure becomes mandatory. This invention describes 

a way to process the stereo or multichannel audio input for playback on rotated 

devices. 

10 Although some aspects have been described in the context of an apparatus, it is 

clear that these aspects also represent a description of the corresponding method, 

where a block or device corresponds to a method step or a feature of a method 

step. Analogously, 	aspects described 	in the context of a method step also 

represent 	a 	description 	of a 	corresponding 	block 	or 	item 	or feature 	of a 

15 corresponding apparatus. 

The inventive encoded audio signal can be stored on a digital storage medium or 

can be transmitted on a transmission medium such as a wireless transmission 

medium or a wired transmission medium such as the Internet. 

20 

Depending on certain implementation requirements, embodiments of the invention 

can be implemented in hardware or in software. The implementation can be 

performed using a digital storage medium, for example a floppy disk, a DVD, a 

CD, a ROM, a PROM, an EPROM, an EEPROM or a FLASH memory, having 

25 electronically readable control signals stored thereon, which cooperate (or are 

capable of cooperating) with a programmable computer system such that the 

respective method is performed. 

Some embodiments according to the invention comprise a data carrier having 

30 electronically readable control signals, which are capable of cooperating with a 

programmable computer system, such that one of the methods described herein is 

performed. 
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Generally, embodiments of the present invention can be implemented as a 

computer program product with a program code, the program code being 

operative for performing one of the methods when the computer program product 

runs on a computer. The program code may for example be stored on a machine 

5 readable carrier. 

Other embodiments comprise the computer program for performing one of the 

methods described herein, stored on a machine readable carrier. 

10 In other words, an embodiment of the inventive method is, therefore, a computer 

program having a program code for performing one of the methods described 

herein, when the computer program runs on a computer. 

A further embodiment of the inventive methods is, therefore, a data carrier (or a 

15 digital storage medium, or a computer-readable medium) comprising, recorded 

thereon, the computer program for performing one of the methods described 

herein. 

A further embodiment of the inventive method is, therefore, a data stream or a 

20 sequence of signals representing the computer program for performing one of the 

methods described herein. The data stream or the sequence of signals may for 

example be configured to be transferred via a data communication connection, for 

example via the Internet. 

25 A further embodiment comprises a processing means, for example a computer, or 

a programmable logic device, configured to or adapted to perform one of the 

methods described herein. 

A further embodiment 	comprises 	a 	computer 	having 	installed 	thereon 	the 

30 computer program for performing one of the methods described herein. 

In some embodiments, 	a 	programmable 	logic device (for example a field 

programmable 	gate 	array) 	may 	be 	used 	to 	perform 	some or all 	of the 
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functionalities of the methods described herein. In some embodiments, a field 

programmable gate array may cooperate with a microprocessor in order to 

perform one of the methods described 	herein. 	Generally, the methods are 

preferably performed by any hardware apparatus. 

5 

The above described embodiments are merely illustrative for the principles of the 

present 	invention. 	It 	is 	understood 	that 	modifications 	and 	variations 	of 	the 

arrangements and the details described herein will be apparent to others skilled in 

the art. It is the intent, therefore, to be limited only by the scope of the impending 

10 patent claims and not by the specific details presented by way of description and 

explanation of the embodiments herein. 
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Claims 

 

1. Audio processor comprising: 

 5 

- an input interface for receiving at least two input audio channels, each 

input audio channel being associated with a predetermined reproduction 

position of two loudspeakers on a loudspeaker axis being a shortest 

distance between the two loudspeakers; 

 10 

- a detector interface for receiving a position signal indicating an 

information on a position of the two loudspeakers with respect to an ear 

axis of a listener, wherein the ear axis and the loudspeaker axis have an 

angle to each other, being greater than 0° and lower than 180°; 

 15 

- a mixer for mixing the two input audio channels to obtain two output 

channels depending on the position signal, such that 

 

a portion of a second input audio channel being a right channel in a first 

output channel for a first angle between the ear axis and the loudspeaker 20 

axis is greater than a portion of the second input audio channel in the first 

output channel for a second angle between the ear axis and the 

loudspeaker axis, wherein the first angle is greater than the second angle 

or  

 25 

a portion of a first input audio channel being a left channel in a second 

output channel for the first angle is greater than a portion of the first input 

audio channel in the second output channel for the second angle, 

wherein the first angle is greater than the second angle; and 

 30 
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- an output interface for outputting the two output channels to the two 

loudspeakers, 

 

        wherein the input interface is configured to receive an upper left channel as a 

third input audio channel and an upper right channel as a fourth input audio 5 

channel, wherein the mixing is performed such that a portion of the upper left 

channel in the first output channel is greater than the portion of the right 

channel, wherein the angle is between 0° and 90° and the portion of the right 

channel in the second output channel is greater than the portion of the upper 

left channel, wherein the angle is between 0° and 90° and a portion of the 10 

upper right channel in the first output channel is greater than the portion of 

the left channel, wherein the angle is between 90° and 180° and the portion 

of the left channel in the second output channel is greater than the portion of 

the upper right channel, wherein the angle is between 90° and 180°, or  

 15 

 wherein the input interface is configured to receive an upper channel, 

wherein he mixing is performed such that a portion of the upper channel in 

the first output channel is greater than the portion of the right channel, 

wherein the angle is between 0° and 90° and the portion of the right channel 

in the second output channel is greater than the portion of the upper channel, 20 

wherein the angle is between 0° and 90° and the portion of the upper 

channel in the first output channel is greater than the portion of the left 

channel, wherein the angle is between 90° and 180° and the portion of the 

left channel in the second output channel is greater than the portion of the 

upper channel, wherein the angle is between 90° and 180°, or  25 

 

 wherein the input interface is configured to receive the left channel as the first 

input audio channel, the right channel as the second input audio channel, the 

upper left channel as the third input
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 audio channel and the upper right channel as the fourth input    audio 

channel wherein the mixer is configured to generate, for an angle equal to 

90°, the first output channel which comprises in total a portion of more than 

30% from the third input audio channel and more than 30% from the fourth 5 

input audio channel, and the second output channel which comprises in total 

a portion of more than 30% from the first input audio channel and more than 

30% from the second input audio channel, or  

 

 wherein the input interface is configured to receive the left channel as the first 10 

input audio channel, the right channel as the second input audio channel and 

the upper channel as a fifth input audio channel, wherein the mixer is 

configured to generate, for an angle equal to 90°, the first output channel 

which comprises the fifth input audio channel, and the second output channel 

which comprises a combination of the first and second input audio channel. 15 

 

2. The audio processor according to claim 1, wherein the input interface is 

configured to receive a left channel as the first input audio channel and a 

right channel as the second input audio channel, wherein 

 20 

a portion of the left channel in the first output channel is greater than a 

portion of the right channel, wherein the angle is between 0° and 90°, and 

 

a portion of the right channel in the second output channel is greater than a 

portion of the left channel, wherein the angle is between 0° and 90°, and 25 

 

the portion of the right channel in the first output channel is greater than the 

portion of the left channel, wherein the angle is between 90° and 180°, and 

 

 30 
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the portion of the left channel in the second output channel is greater than 

the portion of the right channel, wherein the angle is between 90° and 180°. 

 

3. The audio processor according to any one of claims 1 to 2, wherein the mixer 

is configured so that the portion of the second input channel in the first output 5 

channel or the portion of the first input channel in the second output channel 

or the portion of the first input channel in the first output channel or the 

portion of the second input channel in the second output channel is delayed 

with respect to the corresponding other portion. 

 10 

4. The audio processor according to any one of claims 1 to 3, wherein the mixer 

comprises a matrix processor having variable matrix elements, wherein the 

variable matrix elements are adapted based on the position signal. 

 

5. The audio processor according to claim 4, wherein the matrix processor is 15 

configured to use complex matrix elements. 

 

6. The audio processor according to any one of claims 1 to 5, wherein the mixer 

comprises 

 20 

a first adder for adding a first processed first input audio channel and a third 

processed second input audio channel, and 

 

a second adder for adding a second processed first input audio channel and 

a fourth processed second input audio channel, 25 

 

wherein the first processed first input audio channel is processed using a first 

processor having a first gain value,
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 wherein the second processed first input audio channel is processed using a 

second processor having a second gain value, 

 

wherein the third processed second input audio channel is processed using a 

third processor having a third gain value, 5 

 

wherein the fourth processed second input audio channel is processed using 

a fourth processor having a fourth gain value, 

 

wherein the first and fourth gain values decrease between 45° and 135° and 10 

the second and the third gain values increase between 45° and 135°. 

 

7. A electrical device comprising: 

 

- an audio processor according to any one of claims 1 to 6; 15 

 

- the two loudspeakers; and 

 

- a detector for detecting the information on the position of the two 

loudspeakers with respect to the ear axis of the listener and for 20 

generating the position signal which is coupled to the detector interface. 

 

8. A method for audio processing, comprising the following steps: 

 

- receiving at least two input audio channels, each input audio channel 25 

being associated with a predetermined reproduction position of two 

loudspeakers on a loudspeaker axis being a shortest distance between 

the two loudspeakers; 

 

- receiving a position signal indicating an information on a position of the 30 

two loudspeakers with respect to an ear axis of a 
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   listener, wherein the ear axis and the loudspeaker axis have an angle to 

each other, being greater than 0° and lower than 180°; 

 

- mixing the at least two input audio channels to obtain two output 

channels depending on the position signal, such that 5 

 

a portion of a second input audio channel being a right channel in a first 

output channel for a first angle is greater than the portion of the second 

input audio channel in the first output channel for a second angle, 

wherein the first angle is greater than the second angle or  10 

 

a portion of a first input audio channel being a left channel in a second 

output channel for the first angle is greater than the portion of the first 

input audio channel in the second output channel for the second angle, 

wherein the first angle is greater than the second angle; and 15 

 

- outputting the two output channels to the two loudspeakers, 

 

wherein an upper left channel is received as a third input audio channel 

and an upper right channel is received as a fourth input audio channel, 20 

wherein the mixing is performed such that a portion of the upper left 

channel in the first output channel is greater than the portion of the right 

channel, wherein the angle is between 0° and 90° and the portion of the 

right channel in the second output channel is greater than the portion of 

the upper left channel, wherein the angle is between 0° and 90° and a 25 

portion of the upper right channel in the first output channel is greater 

than the portion of the left channel, wherein the angle is between 90°
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and 180° and the portion of the left channel in the second output channel 

is greater than the portion of the upper right channel, wherein the angle is 

between 90° and 180°, or  

 5 

wherein an upper channel is received, wherein n the mixing is performed 

such that a portion of the upper channel in the first output channel is 

greater than the portion of the right channel, wherein the angle is 

between 0° and 90° and the portion of the right channel in the second 

output channel is greater than the portion of the upper channel, wherein 10 

the angle is between 0° and 90° and the portion of the upper channel in 

the first output channel is greater than the portion of the left channel, 

wherein the angle is between 90° and 180° and the portion of the left 

channel in the second output channel is greater than the portion of the 

upper channel, wherein the angle is between 90° and 180°, or  15 

 

wherein the left channel is received as the first input audio channel, the 

right channel is received as the second input audio channel, the upper 

left channel is received as the third input audio channel and the upper 

right channel is received as the fourth input audio channel, wherein the 20 

mixing is performed such that, for an angle equal to 90°, the first output 

channel which comprises in total a portion of more than 30% from the 

third input audio channel and more than 30% from the fourth input audio 

channel, and the second output channel which comprises in total a 

portion of more than 30% from the first input audio channel and more 25 

than 30% from the second input audio channel are generated, or  

 

wherein the input interface is configured to receive the left channel as the 

first input audio channel, the right channel as the second input audio 

channel and the upper channel as a fifth input audio channel, wherein the 30 

mixing is performed such that, for an angle equal to 90°, the first output 

channel which comprises the fifth  
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input audio channel, and the second output channel which comprises a 

combination of the first and second input audio channel are generated. 

 

9. A computer program comprising a program code for executing the method 

according to claim 8, when the computer program is running on a computer 5 

or on a processor. 

 

 
























