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SPATALAUDIO PROCESSING METHOD 
AND APPARATUS FOR CONTEXT 

SWITCHING BETWEEN TELEPHONY 
APPLICATIONS 

BACKGROUND OF THE INVENTION 

This invention relates to audio signal processing and more 
particularly to incorporating different Spatial characteristics 
into multiple independent audio signals. 

Context Switching in telephony applications traditionally 
comprises multiple telephone lines that are output to a 
desktop telephone handset. The context Switch allows a 
phone user to Selectively listen to one active telephone line 
and put any number of additional active telephone lines in a 
“hold' State. Thus, the telephony applications, Such as voice 
mail, are presented to a user in an audibly mutually exclu 
Sive fashion that prohibits simultaneous presentation of 
other auditory inputs to the phone user. 

Conferencing features Sum together incoming line appear 
ances to an end user. However, the conferencing feature also 
allows each line appearance to monitor the Sum of all other 
conferenced appearances, which may not be desired. The 
conferencing features traditionally offered in telephony 
products are monaural and mix the incoming Sound Sources 
into a single point Source. A point Source is defined as a 
Spatial location where one or more Sound Sources are 
audibly perceived as coming from. For example, when 
listening to an orchestra, the different musical instruments 
are each audibly perceived as coming from different point 
Sources. Conversely, when listening to a telephone confer 
ence call, the Voices on the telephone lines are all perceived 
as coming from a common point Source. 

Since the Sound Sources in a telephone conference call 
appear to all come from a Single point Source, a listener has 
difficulty differentiating between the incoming Sources. 
TechniqueS which employ Stereo presentation for confer 
ence calling do not allow the user to move incoming Sound 
Sources into perceptibly different foreground and back 
ground Sources. Since each Sound Source appears to come 
from the same location, audio intelligibility for one specific 
Sound Source of interest is decreased when multiple Sound 
Sources are broadcast at the same time. 

Accordingly, a need remains for an audio context Switch 
ing System that improves the ability to monitor and differ 
entiate multiple Sound Sources at the Same time. 

SUMMARY OF THE INVENTION 

A Spatial audio processing System exploits the natural 
ability of the human binaural auditory system to mentally 
focus on individual point Sources of auditory information in 
the presence of other Sound Sources. A context Switching 
System Spatially Separates multiple Sound Sources into dif 
ferent point Sources So that a primary audio Stream of 
interest can be easily differentiated from peripherally moni 
tored audio Streams of Secondary interest. 

The context Switching System includes a Switching circuit 
that Simultaneously directs incoming Sound Sources to dif 
ferent spatial processors. The Spatial processors each simu 
late a different spatial characteristic and together move the 
multiple Sound Sources to different audibly perceived point 
Sources. A listener is then able to more effectively discrimi 
nate between the Spatially Separated Sound Sources when 
presented Simultaneously. 

The different spatial characteristics are generally catego 
rized into either “foreground” or “background” priority. The 
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2 
Source for which the listener requires the highest degree of 
intelligibility is assigned to the “foreground' position, which 
perceptually is centrally positioned closest to the listener and 
given highest magnitude playback levels. Incoming Sources 
of lower listening priority are assigned to one of Several 
“background' positions, which are perceptually located 
behind and either to the left or right of the “foreground” 
position and given lower magnitude playback levels. 

Consumers of telephony products benefit from an increase 
in productivity by having the ability to Switch context 
between applications whose primary user inputs are auditory 
while maintaining peripheral cognizance of multiple audio 
input Streams. For example, a perSon on a long conference 
call who is no longer an active transmitting participant can 
listen to Voice mail while continuing to monitor an ongoing 
discussion in the conference call. 

The foregoing and other objects, features and advantages 
of the invention will become more readily apparent from the 
following detailed description of a preferred embodiment of 
the invention which proceeds with reference to the accom 
panying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a Schematic diagram of a user perception of 
incoming Sound Sources according to the invention. 

FIG. 2 is a block diagram of a Spatial audio processor and 
context Switching System according to the invention. 

FIG. 3 is a table showing sample spatial selections for the 
Spatial audio processor and context Switching System shown 
in FIG. 2. 

FIG. 4 is a detailed diagram of the Spatial audio processor 
for the system shown in FIG. 2. 

FIG. 5 is a Schematic diagram showing a telephone 
System and a graphical user interface coupled to the System 
shown in FIG. 2. 

DETAILED DESCRIPTION 

Referring to FIG. 1, three incoming sound sources 18, 20 
and 22 are each received at a common point Source 13 then 
assigned and processed to be audibly perceived at different 
spatial locations 19, 21 and 23. The sound source 22 
comprises a voice mail application that has been given 
foreground priority. The Sound Source 20 comprises an 
ongoing conference call application and the Sound Source 18 
comprises an audio newscast. The conference call and the 
audio newscast each have been Spatially processed to appear 
as peripheral and background point Sources in relation to the 
Voice mail application. 
A listener 24 perceives each of the processed Sound 

Sources 18, 20 and 22 as coming from different spatial 
locations 19, 21, and 23, respectively. Since, the sound 
Sources 18, 20 and 22 are spatially separated, the listener 24 
can more easily focus on individual Sound Sources of 
auditory information in the presence of other Sound Sources. 
In other words, Spatially Separating the Sound Sources 18, 20 
and 22 increases the ability of the listener 24 to differentiate 
between multiple Sound Sources. 

Typically, independent Sound Sources are presented mon 
aurally over telephone lines to a telephone set making it is 
difficult for the listener 24 to differentiate between the Sound 
Sources. For example, the listener 24 may wish to concen 
trate on one specific Sound Source containing the Voice mail 
application while monitoring less important Sound Sources, 
Such as the conference call application, in the background. 
By spatially locating the Voice mail application in the 
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foreground in front of the conference call application, the 
listener 24 can more effectively hear the Voice mail mes 
Sages while at the same time monitoring the conference in a 
leSS audibly distracting manner. 

The different spatial characteristics are generally catego 
rized into either “foreground” or “background” priority. The 
Sound Source for which the listener requires the highest 
degree of intelligibility is assigned to a “foreground' posi 
tion located perceptually central and closest to the listener 
and given highest magnitude playback levels. Incoming 
Sources of lower listening priority are assigned to one of 
Several "background' positions, which perceptually are 
located behind and either to the left or right of the “fore 
ground' position and given lower magnitude playback lev 
els. Any one of the sound sources 18, 20 and 22 can be 
Spatially located at any foreground or background depth 16 
or any lateral direction 14. 

There is no limit to the number of different foreground or 
background positions that can be created for different 
incoming Sound Sources. Human audio perceptual capabili 
ties may limit the number of useful Simultaneous foreground 
and background positions. For Simplicity, further discussion 
of the Specifics of the invention will describe three incoming 
Sources and three spatial processing positions (front/center, 
back/left and back/right). However, the scope of the inven 
tion is not limited to a specific number of Sources and/or 
Spatial processing positions. 

Referring to FIG. 2, the Spatial audio processor and 
context Switching System 26 includes a Switching circuit 28 
that controls the destination of each incoming Sound Source 
18, 20 and 22. The Switching circuit 28 is coupled to a 
controller 29 that selects which Sound Sources 18, 20 and 22 
are mapped to which switch outputs 30, 32 and 34. The 
Switching circuit 28 can incorporate conventional fader 
circuitry to control transitions and Smooth Subsequent posi 
tional changes of the Sound sources 18, 20 and 22. 

The volume for the first one of the multiple sound sources 
is automatically increased and Volume for the other Sound 
Sources is automatically decreased. This crossfade operation 
may be accompanied by a shift in the pitch of the crossfaded 
channels according to the Doppler principle, or a sinusoidal 
Signal varying in pitch according to the Doppler principle 
may be added to the crossfading channels to evoke the 
perception of moving Sound Sources. 
An example of control mapping for a three input channel 

Switching circuit 28 are illustrated in FIG. 3. In a first 
position of controller 29, the first sound source 18 is 
connected to the back/left output 30, the second sound 
Source 20 is connected to the front/center output 32 and the 
third Sound Source 22 is connected to the back/right output 
34. In a second position for controller 29, the first sound 
Source 18 is connected to the front/center output 32, the 
Second Sound Source 20 is connected to the back/left output 
30 and the third Sound Source 22 is connected to the 
back/right output 34. The third position of controller 29 
directs the Sound Sources in a similar manner. 

Referring back to FIG. 2, a directional processing circuit 
35 applies a different monaural-to-Stereo spatial process to 
each of the Switched Sound Sources output from the Switch 
circuit 28. The directional processor 35 includes different 
spatial processors 36, 38 and 40 connected to outputs 30, 32 
and 34, respectively. Each Spatial processor Simulates a 
different Spatial characteristic for the Sound Source on the 
connected output of Switching circuit 28. For example, the 
sound source directed to Switch output 30 is processed by 
Spatial processor 36 to Simulate a back/left Spatial charac 
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4 
teristic. The sound source directed to Switch output 32 is 
processed by Spatial processor 38 to Simulate a front/center 
Spatial characteristic, etc. 
The spatial processors 36, 38 and 40 each generate a left 

channel Signal and a right channel Signal. An audio mixer 42 
Sums all left channel Signal outputs from each of the Stereo 
spatial processors 36, 38 and 40 into a single left channel 
output 48 and Sums all right channel outputs into a single 
right channel output 50. 
The Spatial audio processor and context Switching System 

26 Selectively Switches incoming Sound Sources between 
desired foreground and background priorities. New audio 
applications may be Subsequently launched with their asso 
ciated audio paths assigned to any available incoming Source 
Stream for perceptual assignment to a new background or 
foreground location. In one implementation, audio proceSS 
ing is performed on digitally Sampled 16-bit linear audio 
Samples, with the resultant output also in 16-bit linear form. 
However, any other analog or digital processing implemen 
tation also comes within the Scope of the invention. 
The background point Sources for any one of the multiple 

background Sound Sources is processed to be selectively 
audibly perceived as being behind, to either Side, and above 
or below the Sound Source located in the foreground. Any 
one of the point Sources is moveable to the left, right, above 
a Zero degree elevation plane, below a Zero degree elevation 
plane, to the foreground or to the background. 

Referring to FIG. 4, each spatial processor 36, 38 and 40 
includes a Single monaural input 51 coupled to one of the 
outputs 30, 32 or 34 from the Switching circuit 28. The 
received Sound Source is separated into a left channel and a 
right channel. The left channel includes a Finite Impulse 
Response (FIR) filter 52 that conducts a Head Related 
Transfer Function (HRTF) from a left direction. The right 
channel includes a FIR filter 56 that simulates HRTF from 
a right direction. The HRTF filters 52 and 56 simulate the 
acoustic path taken by the Sound Source from the assigned 
Single point Source to either the listener's left or right ear, 
respectively. The HRTF filters 52 and 56 together develop a 
Stereo image from that Single Selected point Source. The 
HRTF filters 52 and 56 are known to those skilled in the art 
and are therefore, not described in further detail. 

Reverberation processors 54 and 58 are coupled to the left 
and right HRTF filter 52 and 56, respectively. The rever 
beration processors 54 and 58 add an additional sound 
energy decay characteristic to the filtered left and right 
Signals. The Sound energy decay characteristic simulates the 
natural diffuse decay of Sound levels in a room due to 
multiple reflection paths but does not add any additional 
directional cues to the listener. Alternatively, a Single rever 
beration circuit is coupled to a common input of both the left 
and right filters. 
HRTF filtering and reverberation processing are described 

in detail in Massachusetts Institute of Technology Sound 
Media Archives located at http://sound.media.mit.edu/ 
KEMAR.htm.; Durand R. Begault, 3-D Sound for Virtual 
Reality and Multimedia, Academic Press, Cambridge Mass., 
1994; and J. M. Jot, Veronique Larcher, Olivier Warusfel, 
“Digital signal processing issues in the context of binaural 
and transaural Stereophony”, Proceedings of the Audio Engi 
neering Society, 1995. 

Referring to FIG. 5, one possible application for the 
spatial audio processor is with a telephone PBX or LAN 
system. A telephone trunk 60 is coupled to a PBX 62 that 
connects different telephone lines 64 to a telephone terminal 
66. A receiver 72 transmits user voice Signals back through 
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one or more of the telephone lines 64. The Sound signals 68 
received by telephone terminal 66 are output to the Spatial 
audio processor and context Switching System 26. A com 
puter system 68 determines what spatial locations will be 
assigned to each active telephone line Sound Source before 
the Sound Sources are output from Speakers 74. 

According to the complexity and Sophistication of the 
user's telephony device, a wide variety of Switching mecha 
nisms can be used to control the Spatial audio processor and 
context Switching System 26. Particular embodiments 
include button or Switches 29, Such as exist on a telephony 
set. FIG. 5 shows an alternative embodiment where logical 
controls are implemented through a graphical user interface 
(GUI) 76 on the computer 68. The GUI 76 can include 
Screen-based buttons, sliders, or in the case of FIG. 5, icons 
78. 

The GUI 76 shows different spatial locations that can be 
Simulated on the Sound Sources of three different telephone 
lines. The computer operator or listener manipulates the 
“auditory space' through the GUI 76 by explicitly position 
ing the icons 78 associated with each telephone line 1, 2 and 
3 at different locations on the computer Screen. Indirect or 
implicit control linkS audio foreground and background 
placement to the current “focus of a particular audio 
application GUI window. For example, moving one of the 
icons 78 to the foreground automatically moves the associ 
ated sound source to the audio “foreground”(line 3) and 
pushes other incoming Sound Sources to background posi 
tions (lines 1 and 2). 

If the user wishes to move either lines 1 or 2 to the 
foreground, the associated icon 78 is moved to the front and 
the remaining non-Selected lines automatically move to the 
background. The Sound Source placed in the foreground is 
perceived by the listener as coming from a closer point 
Source than the Sound Sources placed in the background. 

In an alternative embodiment, the GUI includes a drawing 
of a conference table. The computer operator then moves the 
icons 78 to different positions around the conference table 
according to the priority given to each associated Sound 
Source. For example, an icon representing the telephone line 
of a Supervisor may be located at the front of the table while 
icons representing telephone lines of Subordinates may be 
located further back at the conference table. 
Any type of control Scheme can be used to control the 

Sound Sources. For example, the controller may be in the 
form of an application programmers interface (API) for a 
computer operating System or a computer telephony inte 
gration (CTI) that automatically Switches for alarms or 
incoming messages. The CTI typically comprises an inter 
face card that receives telephone calls on a computer ter 
minal. AS mentioned above, the controller can also be 
mechanical in the form of buttons, knobs, Sliders, etc. 

Thus, multiple audio Streams are spatially Separate with 
the Spatial audio processor and context Switching System 26 
to differentiate a primary audio Stream of interest from audio 
Streams that are peripherally monitored. The listener can 
then more effectively focus on individual point Sources of 
auditory information in the presence of other Sound Sources. 

Having described and illustrated the principles of the 
invention in a preferred embodiment thereof, it should be 
apparent that the invention can be modified in arrangement 
and detail without departing from Such principles. I claim all 
modifications and variation coming within the Spirit and 
Scope of the following claims. 
We claim: 
1. A System for context Switching multiple Sound Sources, 

comprising: 
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6 
a Switching circuit receiving the multiple Sound Sources 

and Selectively directing the Sound Sources according to 
asSociated telephony applications to different outputs 
each associated with predesignated different Spatial 
destinations, 

a directional processor System that applies different Spa 
tial characteristics to each of the Sound Sources output 
from the Switching circuit, the Spatial characteristics 
corresponding to the associated Spatial destinations of 
the Switching circuit outputs; and automatically mov 
ing one of the Sound Sources associated with a Selected 
one of the telephony applications to a foreground 
audibly perceived point as one of Said predesignated 
destinations while automatically moving Sound Sources 
for nonselected telephony applications to different 
background audibly perceived points as the other 
remaining predesignated destinations in relation to the 
foreground audibly perceived point thereby increasing 
and distinguishing the audible intelligibility for each of 
the Sound Sources for the Selected telephony application 
from the Sound Sources for the nonselected telephony 
applications, and 

a controller coupled to the Switching circuit that auto 
matically configures the Switching circuit to Selectively 
directing the Sound to Said different outputs So that the 
Sound Sources for the Selected telephony application 
move to the foreground while the Sound Sources for 
each of the remaining nonselected telephony applica 
tions automatically move to different background loca 
tions that have lower audible intelligibility than the 
Selected telephony application. 

2. A System according to claim 1 including an audio mixer 
coupled to the directional processor System that combines all 
the Spatially processed Sound Sources into at least one 
common channel. 

3. A System according to claim 1 wherein the directional 
processor System includes multiple Spatial processors each 
coupled to an associated one of the Switching circuit outputs. 

4. A System according to claim 3 wherein each one of the 
Spatial processors includes the following: 

a left filter that Simulates an acoustic path required to be 
taken by one of the Sound Sources to reach a left ear of 
a listener from the Sound Source associated Spatial 
destinations, and 

a right filter that Simulates an acoustic path required to be 
taken by one of the Sound Sources to reach a right ear 
of the listener from the Sound Source associated Spatial 
destination. 

5. A System according to claim 4 including a separately 
configurable left reverberation circuit coupled to the left 
filter and a separately configurable right reverberation circuit 
coupled to the right filter, or a Single Separately configurable 
reverberation circuit coupled to a common input of both the 
left and right filter for each one of the multiple spatial 
processors, the reverberation circuit or circuits simulating 
the natural diffusion decay of Sound levels due to multiple 
Sound reflection paths. 

6. A System according to claim 1 including the following: 
multiple telephone lines each carrying a separate one of 

the multiple Sound Sources; 
a PBX coupled to a first end of the telephone lines; and 
a telephone terminal coupled between a Second end of the 

telephone lines and the Switching circuit and directing 
the Sound Sources for the same telephony applications 
to the same associated inputs of the Switching circuit So 
that the Sound Sources for the same telephony applica 
tions are moved to the same audibly perceived point 
SOUCCS. 
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7. A System according to claim 1 wherein the controller 
comprises a graphical user interface including icons located 
on a Screen that represent each one of the telephone 
applications, the graphical user interface automatically mov 
ing a Selected one of the icons to a Screen foreground 
position while automatically moving nonselected icons to 
Screen background positions while the Switching circuit 
moves the Sound Sources to perceived point Sources corre 
sponding with the icon Screen positions. 

8. A method for context Switching multiple independent 
Sound Sources, comprising: 

receiving the multiple Sound Sources at the Same time; 
Selectively assigning the Sound Sources to different pre 

designated Spatial destinations each representing dif 
ferent audibly perceived point Source; 

processing each of the multiple Sound Sources to Simulate 
the different audibly perceived point Source according 
to the assigned spatial destination; 

Selecting a Switching position on a Switching circuit that 
Selects one of the multiple Sound Sources for increased 
audio intelligibility in relation to the other sound 
SOurceS, 

automatically reassigning the Selected one of the multiple 
Sound Sources forward to a foreground Spatial destina 
tion as one of Said predesignated destinations with 
increased audible intelligibility in relation to the other 
Spatial destinations, 

automatically reassigning the nonselected ones of the 
multiple Sound Sources to unique background Spatial 
destinations as the other remaining predesignated des 
tinations both behind and to either side of the assigned 
spatial destination of the Selected Sound Source; 

outputting the Sound Sources to a listener thereby provid 
ing increased audibly intelligibility for the Selected one 
of the multiple Sound Sources in relation to the remain 
ing unselected Sound Sources, 

Selecting a different Switching position on the Switching 
circuit that Selects a next one of the Sound Sources for 
increased audio intelligibility in relation to the other 
unselected multiple Sound Sources, and 

automatically moving the Selected next one of the mul 
tiple Sound Sources forward to Said foreground Spatial 
destination while at the same time automatically mov 
ing all of the nonselected ones of the multiple Sound 
Sources to Said background Spatial destinations both 
behind and to either side of the selected next one of the 
multiple Sound Sources including automatically moving 
the Sound Source previously assigned to the foreground 
Spatial destination backwards to one of Said back 
ground Spatial destinations both behind and to either 
Side of the Selected next one of the multiple Sound 
SOUCCS. 

9. A method according to claim 8 wherein processing the 
Sound Sources includes the following Steps: 

Separating the Sound Sources into a left channel and a right 
channel; 

filtering the left channel Sound Sources to Simulate an 
acoustic path required to reach a left ear of a listener 
from the assigned spatial destinations, and 

filtering the right channel Sound Sources to Simulate an 
acoustic path required to reach a right ear of a listener 
from the assigned spatial destinations. 
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10. A method according to claim 9 including individually 

reverberating both the filtered left and filtered right channel 
for each one of the Sound Sources to Simulate the natural 
diffusion decay of Sound levels due to multiple Sound 
reflection paths. 

11. A method according to claim 8 including crossfading 
the Sound Sources by automatically increasing Volume for a 
first one of the multiple Sound Sources while automatically 
decreasing Volume for the other Sound Sources. 

12. A method according to claim 11 including shifting the 
pitch of the crossfaded Sound Sources according to a Doppler 
principle or a Sinusoidal Signal varying in pitch according to 
the Doppler principle to evoke the perception of moving 
Sound Sources. 

13. A method according to claim 8 wherein processing the 
Sound Sources include Simulating a center point Source for a 
first one of the Sound Sources and Simulating left or right 
point Sources for the other multiple Sound Sources. 

14. A method according to claim 8 wherein each of the 
multiple Sound Sources are received by monaural and carried 
concurrently and independently on Separate telephone lines. 

15. A method according to claim 8 including providing a 
computer with a graphical user interface and using the 
graphical user interface to Selectively assign the Sound 
Sources to the different Spatial destinations. 

16. A method according to claim 15 wherein the graphical 
user interface includes multiple icons each representing one 
of the Sound Sources and automatically moving the Sound 
Source represented by a first Selected one of the icons to a 
foreground point Source and automatically moving Sound 
Sources for nonselected icons to background point Sources. 

17. A System for processing multiple independent mon 
aurally transmitted Sound Streams, comprising: 

a Switching circuit for directing the multiple Sound 
Streams to different outputs each corresponding to 
predesignated Spatial destinations, 

a Spatial processor including multiple filters each coupled 
to an associated one of the Switching circuit outputs, the 
multiple filters simulating at the same time different 
Spatial characteristics corresponding to Said predesig 
nated destinations on the Sound Streams from the 
Switching circuit outputs; 

an audio mixer coupled to the Spatial processor for 
combining the different Simulated Sound Streams 
together, and 

a controller including multiple Switching positions for 
controlling how the Switching circuit connects the 
Sound Streams to the filters in the Spatial processor, So 
that one of the Sound Streams Selected according to the 
controller Switching position is automatically Switched 
by the Switching circuit to one of the multiple filters 
that move the Selected Sound Stream to an audibly 
perceived point as one of Said predesignated destina 
tions with increased audible intelligibility in relation to 
the nonselected Sound Streams and at the same time the 
Switching circuit automatically Switching nonselected 
Sound Streams to filters that push back the nonselected 
Sound Streams to unique audibly perceived background 
locations as the other remaining designated destina 
tions in relation to the Selected Sound Stream. 
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