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t0l3l In some.implementations, the virtual source locations may be spaced uniforrnly

along x, y and z axes. However, in some implementations the spaciñg may not be the same in all

directions. For example, the virtual source locations may have a first uniform spacing along x

and y axes and a second uniform spacing along a z axis. The process of computing the set of

audio object gain values for each of the plurality of output channels may involve independent

computations of contributions from virh¡al sources along the x, y and z axes. In altemative

implementations, the virtual source locations rnay be spaced non-uniformly.

t0l4l In some implementations, the process of computing the audio object gain value

for each of the plurality ofoutput channels may involve determining a gain value (gt(xo,yo,zo,s))

for an audio object of size (sl to be rendered at location xalo,zo. For example, the audio object

gain value (gt(xo,yo,ro;s)) may be expressed as:

lp

I lw(x,r, y,r, z,r) )co, ! o, z o)s) g¡ (¡,,, Jru", ",,)]o
fy5 

'.Ìy3 rzys

wherein (x*, y*, zu) represents a virtual source location, g{x*, !us, zu) represents a gain value for

channel / for the virtual source location xus, !vs, zu, and w(xr, !u, zv,ì xo, yo, zolS) represents one'oÍ

more weight functions for gt(x*, lro zr) determined, at least in part, based on the location (xo, yo,

zo) of the audio object, the size (s/ of the audio object and the virtual source location (x*, y*, zo,).

t0151 According to some such.implementations, gt(x*, !vs, zns) : gt(x,Ðg(y")gt(z'o),

wherein gt(x,,), g(y,') and gt(zv') represent independent gain functions of ¿ y and' z. In some

such irnplementations, the weight functions may factor as:

w()c rr, y rr', z * i x 6, ! o, z o'r s) : w 
"(x;"; 

x o; s)w, (l rr', ! o; s)w, (z r"; z o ; s),

wherein w*(Jcrr, xo; s), wy(lvr; loi s) a¡d wlz*;zo,' s/ represent independent weight functio.ns of

xvs, !* and zu,. According.to some such implementations, p may be a function of audib'objäet

size (s).

t0l6l Some such methods may involve storing computed virtual source gain values in a

m

rnemory system. The process of computing contributions from virtual sources within the audio

object area or volume may involve retrieving, from the memory systenç cornputed virtual source

gain values corïesponding to an audio object position and size and interpolating between the

computed source gain values. The process of intetpolating
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environment 404.  Speaker zone 6 corresponds to a left rear area 412 and speaker zone 7 

corresponds to a right rear area 414 of the virtual reproduction environment 404.  Speaker zone 

8 corresponds to speakers in an upper area 420a and speaker zone 9 corresponds to speakers in 

an upper area 420b, which may be a virtual ceiling area.   Accordingly, and as described in 

more detail in the Authoring and Rendering Application, the locations of speaker zones 1–9 

that are shown in Figure 4A may or may not correspond to the locations of reproduction 

speakers of an actual reproduction environment.  Moreover, other implementations may 

include more or fewer speaker zones and/or elevations. 

[062] In various implementations described in the Authoring and Rendering 

Application, a user interface such as GUI 400 may be used as part of an authoring tool and/or 

a rendering tool.  In some implementations, the authoring tool and/or rendering tool may be 

implemented via software stored on one or more non-transitory media.  The authoring tool 

and/or rendering tool may be implemented (at least in part) by hardware, firmware, etc., such 

as the logic system and other devices described below with reference to Figure 10.  In some 

authoring implementations, an associated authoring tool may be used to create metadata for 

associated audio data.  The metadata may, for example, include data indicating the position 

and/or trajectory of an audio object in a three-dimensional space, speaker zone constraint data, 

etc.  The metadata may be created with respect to the speaker zones 402 of the virtual 

reproduction environment 404, rather than with respect to a particular speaker layout of an 

actual reproduction environment.  A rendering tool may receive audio data and associated 

metadata, and may compute audio gains and speaker feed signals for a reproduction 

environment.  Such audio gains and speaker feed signals may be computed according to an 

amplitude panning process, which can create a perception that a sound is coming from a 

position P in the reproduction environment.  For example, speaker feed signals may be 

provided to reproduction speakers 1 through N of the reproduction environment according to 

the following equation: 

[063] xi(t) = gix(t), i = 1,  . . . N  (Equation 1) 

[064] In Equation 1, xi(t) represents the speaker feed signal to be applied to speaker i, 

gi represents the gain factor of the corresponding channel, x(t) represents the audio signal and 

t represents time. The gain factors may be determined, for example, according to the amplitude 

panning methods described in Section 2, pages 3-4 of V. Pulkki, Compensating Displacement 

of Amplitude-Panned Virtual Sources (Audio Engineering Society (AES) International 

Conference on Virtual, Synthetic and Entertainment Audio), which is hereby                  
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CLAIMS

1. A method, comprising:

receiving audio reproduction data comprising one or more audio objects, the audio

objects comprising audio signals and associated metadata, the metadata including at least

audio object position data and audio object size data;

computing, for an audio object frorn the one or more audio objects, virtual source gain

values from virtual sources at respective virhral source locations within an audio object area

or volurne defined by the audio object position data and the audio object size data; and

computing a set of audio object gain values for each of a pluralíty of output channels

based, at least in part, on the computed virtual source gain values, wherein each output

channel corresponds to at least one reproduction speaker of a reproduction environment and

each of said virtual source locations corresponds to a respective static location within the

reproduction environment.

2. The method of claim l, wherein the process of computing the set of audio object gain

values involves cornputing a weighted average of virtual source gain values fromthe virtual

sources within the audio object area or volume.

3. The method of claim 2, wherein weights for the weighted average depend on the audio

object's position, the audio object's size and each virtual source location within the audio

object area or volume.

The method of claim 1, further comprising:

receiving reproduction environment data including reproduction speaker location data.

5. The method of claim 4, further comprising:

defining a plurality of virtr¡al source locations according to the reproduction

environment data; and

computing, for each of the virh¡al source locations, a virh¡al source gain value for each

ofthe plurality of output channels.

6. The method of claim 5, wherein at least some of the virtual source locations

correspond to locations outside ofthe reproduction environment.
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7. The method of claim 5, wherein the virhral source locations are spaced uniformly

along x, y and z axes.

8. The method of claim 5, wherein the virtual source locations have a first uniform

spacing along x and y axes and a second uniform spacing along a z axis.

9. The method of claim 7 or claim 8o wherein the process of computing the set of audio

object gain values for each of the plurality of output channels involves independent

computations of virtual source gain values from virtual sources along the x, y and z axes.

10. The method of claim 5, wherein the virtual source locations are spaced non-uniformly

11. The method of claim 4, further comprising storing computed virtr¡al source gain values

in a memory system.

12. The method of claim 11, wherein the process of computing the set of audio object gain

values involves:

retrieving, from the memory system, computed virtual source gain values

corresponding to an audío object position and size; and

interpolating between the computed virtr¡al source gain values.

13. The method of claim 12, wherein the process of interpolating between the computed

virtual source gain values involves:

determining a plurality of neighboring virtual source locations near the audio object

position;

determining computed virtual source gain values for each of the neighboring virtual

source locations;

determining a plurality of disønces between the audio object position and each of the

neighboring virtual source locations; and

interpolating between the computed virtual source gain values according to the

p lurality o f distances.

14. The method of claim l, wherein the audio object area or volume is at least one of a

rectangle, a rectangular prism, a circle, a sphereo an ellipse or an ellipsoid.

15. The method of claim l, wherein the reproduction environment comprises a cinema

sound system environment.
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16. The methpd of claim 1; furthel compi"isingdecorrelating at least some of the audio

reproduction data.

17. The method of clairn l, further comprising decorrelating audio reproduction data for

audio objects having an audio object size that exceeds a threshold value.

18. . The rnethod of claim 1, wherein the reproduction environment data includes

reproduction enviroriment boundary data, further comprising: '

determining that the audio object area or volume includes an outside area or volume

outside of a reproduction environment boundary; and

applying a fade-out factor based, at least in part, on the outside area or volume.

19. The method of claim 18, further comprising:

determining that an audio object is within a threshold distance from a repróduction

environment boundary; and

providing no speaker feed signals to reproduction speakers on an opposing boundäry

of the reproduction environment.

20. The method of claim l, further comprising:

receiving reproduction environment data including reproduction speaker location data

and reproduction environment boundary data;

determining that the audio object area or volume includes an outside area or volume

outside of a reproduction environment boundary; and

determining a fade-out factor based, at least in part, on the outside area or volurne,

where.in computing the set of gain values for each of the plurality of output channels is

also based on the associated metadata and the fade.out factor.

21. The method of claim 20, wherein the fade-out factor is proportional to the outside

alea.

22. The method of claim 20, further comprising:

deteimining that an audio object is within a threshold distance from a reproduction

environment boundary; and

. providing no speaker feed signals to reproduction speakers on an opposing botindary

of the reproduction environment.

23. The method of claim20, firther comprising:
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defining a plurality of virtual source locations ,according to the ¡eproduction',

environment data; and

computing, for each of the virtual source locations, a virtr¡al source gain for each of a

plurality of output channels

24. The method of claim23, wherein the virtual source locations are spaced uniformly.

25. A non-transitory medium having software stored thereon, the soffware including

instructions for controlling at least one apparatus to perform the following operatiõns:

receiving audio reproduction data comprising one or rnore audio objects, the gudio

objects comprising audio signals and associated metadata, the metadata including at least

audio object position data and audio object size data;

computing, for an audio object from the one or more audio objects, vinual sou¡cp gain

values from virtual sources at respective virtual source locations within an audio obje,ct area

or volume defined by the audio object position data and the audio object size data; and

computing a set of audio ob1'ect gain values for each of a plurality of ouþut channels

based, at least in parto on the computed virtr¡al source gain valuês, wherein each output

channel corresponds to at least one reproduction speaker of a reproduction environmen! and

each of said virtual source locations corresponds to a respective static location within the

reproduction environment.

26. The non-transitory medium of claim 25, wherein the process of computing the set of

audio object gain values involves computing a weighted average of virtual source gain úalues

from the virtuat sources within the audio object a.rea or volume.

27. ' The non-transitory medium of claim 26, wherein weights for the weighted average

depend on the audio object's position, the audio object's size and each virtual source location

within the audio object area or volume.

28. The non-transitory medium of claim 25, wherein the software includes instructions for

receiving reproduction environment data including reproduction speaker location data.

29. The non-transitory medium of claim 28, wherein the software includes instructions

for:

defuring a plurality of viftual sourc'e locations according to the reproduction

enviïonment data; and
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computing, fot eách of the virtual,source locations, a virtual source gain value for"each

of the plurality of output channels. , 
,

30. The non-transitory medium of claim 28, wherein at least some of the virtual source

locations correspond to locations outside of the reproduction environment.

31. The non-transltory medium of claim 28, wherein the virtr¡al source locations atê

spaced uniformly along x, y and z axes.

32. The non-transitory medium of claim 28, wherein the virtual source locations have a

first uniform spacing along x and y axes and a second uniform spacing along a z axis.

33. The non-transitory rnedium of claim 3 I or claim 32, wherein the process of computing

the set of audio object gain values for each of the plurality of output channels involves

independent computations of virtual source gain values from virtual"sources along the x, y and

z axes.

34. An apparatus, comprising:

an interface system; and

a logic system adapted for:

receiving, from the interface systern, audio reproduction data comprising one or more

audio objects, the audio objects .comprising audio sþals and associated metadata, the

metadata including at least audio object position data and audio object size data; , .,

computing, for an audio object from the one or more audio objects, virtual source gain

values from virtual sources at respective virhral sor¡rce locations within an audio objgct area

or volume defined by the audio object position datd and the audio object size data; and

computing a set of audio object gain values for each of a plurality of output channels

based, at. least in part,. on the comfuted virtual source gain values, whereiR each output

channel corresponds to at least one reproduction speaker of a reproduction environment and

each of said virtual source locations corresponds to a respective static location within the

reproduction environment.

35. The apparatus of claim 34, wherein the process of computing the set of audio object

gain values involves computing a weighted averâge of virtual source gain values from the

virtual sources within the audio object area or volume.
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36. The apparatus of claim 35, wherein weights for the weighted average depend on the

audio object's position, the audio object's size and each virtual source location within the

audio object area or volume.

37 . The apparatus of clairn 34, wherein the logic system is adapted for receiving, from the

interface systern, reproduction environment data including reproduction speaker location data.

38. The apparatus of claim 37, wherein the logic system is adapted for:

defrring a plurality of virtual source locations according to the reproduction

environment data; and

computing, for each of the virtr¡al source locations, a virtual source gain value for each

ofthe plurality of ouþut channels.

39. The apparatus of claim 38, wherein at least some of the virtual source locations

correspond to locations outside ofthe reproduction environment.

4A. The apparatus of claim 38, wherein the virtual source locations are spaced uniformly

along x, y and z axes.

41. The apparatus of claim 38, wherein the virtual source locations have a first uniform

spacing along x and y axes and a second uniform spacing along a z axis.

42. The apparatus of claim 40 or claim 41, wherein the process of computing the set of

audio object gain values for each of the plurality of output channels involves independent

computations of virtual source gain values from virtual sources along the x, y and z axes.

43. The apparatus of claim 34, further comprising a memory device, wherein the interface

system comprises an interface between the logic system and the memory device.

44. The apparatus of claim 43, wherein the interface system comprises a network

interface.

45. The apparatus of claim 43, further comprising a user interface, wherein the logic

system is adapted for receiving user input, including but not limited to input audio object size

data, via the user interface.

46. The apparatus of claim 45, wherein the logic system is adapted for scaling the input

audio object size data.
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