
·"/ 200105345-3 
I 3 1 AUG 7001 
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.. 
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BACKGROUND OF THE INVENTION 

Audio signals are normally provided to listeners via an audio path that includes a 

source (e.g. a CD, tape cassette player, microphone etc.), an amplifier, and an 

electrodynamic cone-type loudspeaker. More recently, interest has been shown in 

delivering audio using an ultrasonic carrier wave. In this case, an audio-frequency signal is 

amplitude-modulated onto the ultrasonic carrier wave. The modulated carrier wave is then 

provided to an ultrasonic loudspeaker for delivery. Demodulation of the audio-frequency 

signal either occurs naturally as a result of the interaction of the carrier wave with the 

transmission medium (normally air, which has non-linear propagation characteristics for 

ultrasonic waves). Reflection can, for example, take place when the modulated carrier 

wave encounters an object that absorbs energy at ultrasonic frequencies but reflects energy 

at audio frequencies. 

The advantages of using an ultrasonic carrier wave to deliver audio include the 

highly directional nature of the modulated ultrasonic wave, the fact that the carrier wave is 

steerable (for example by providing reflective surfaces), and also that the signal is not 

audible prior to demodulation. By proper application of these advantages, audio can be 

delivered to specific locations, from where the audio appears to originate. A general 

discussion of the transmission of audio signals can be found in European published patent 

application no. EP 973 152. 

However, technical challenges remain in the use of ultrasonic technology for 

delivering audio. For example, the fidelity of the demodulated audio signal can still be 

improved. In particular, the delivery of adequate power atlow frequencies is a problem. 

Human hearing is more sensitive to stimuli having middle frequency components 

(i.e. 3-4 kHz) than low frequency components (i.e. ''bass," below 500 Hz). To perceive 
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lower frequency sounds at the same loudness as at the middle frequencies, it is necessary 

to generate higher sound pressure levels at the lower frequency. 

SUMMARY OF INVENTION 

According to one aspect of the invention, a harmonic generator is used to generate 

harmonics of the lower frequencies in an audio signal. These harmonic~ and the audio 

signal are then modulated onto an ultrasonic carrier wave and are transmitted by ultrasonic 

emitters to provide (upon demodulation) a psycho-acoustic impression of improved 

perception at low frequencies. The harmonics can either be combined with the original or 

otherwise-modified audio signal prior to modulation and transmission, or modulated and/or 

transmitted separately but simultaneously. 

According to another aspect of the invention, the modulated ultrasonic signal is 

band-passed into two or more different band-limited signals with overlapping/non­

overlapping frequency bands at center frequencies of ft to fN respectively. These band­

limited signals are then amplified and transmitted by different ultrasonic transducers (or 

groups of ultrasonic transducers) having mechanical resonance frequencies substantially 

equal to a characteristic frequency of the band limited signal. Typically, the mechanical 

resonance frequencies are substantially equal to the center resonant frequencies ft to fN. 

According to yet another aspect of the invention, the unmodulated audio signal is 

. bandpassed into two or more different band-limited signals with overlapping/non­

overlapping frequency bands. These band-limited signals are then provided to separate 

ultrasonic modulators that have the same or different carrier frequencies. The resulting 

modulated signals are then provided to ultrasonic emitters that have mechanical resonant 

frequencies substantially equal to a characteristic frequency of the modulated signals. 

More particularly, according to one embodiment of the invention there is provided 

a method of processing an audio signal, comprising: 

separating a low frequency component from the audio signal; 
-

generating harmonics of the low frequency signal to create a preprocessed signal; 

and 

modulating the preprocessed signal onto an ultrasonic carrier wave. 
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According to another embodiment of the invention there is provided a method of 

processing an audio signal comprising the steps of: 

modulating the audio signal onto an ultrasonic carrier wave to provide a modulated 

audio signal; 

separating the modulated audio signal into a plurality of band-limited signals; and 

transmitting each of the plurality of frequency bands from ~ separate ultrasonic 

transmitter. 

According to yet another embodiment of the invention there is provided an 

apparatus for processing an audio signal received from an audio source, comprising: 

a first filter to separate a low frequency component from the audio signal; 

a harmonics generator to generate harmonics of the low frequency component; and 

an ultrasonic modulator to modulate the low frequency component and the 

harmonics onto an ultrasonic carrier wave. 

Also, according to a further embodiment of the invention there is provided an 

apparatus for processing an audio signal comprising: 

a filter bank for separating the audio signal into a plurality of band-limited signals; 

a plurality of ultrasonic modulators corresponding to the respective band-limited 

signals to modulate each of the band-limited signals onto an ultrasonic carrier wave; and 

a plurality of ultrasonic emitters for receiving and transmitting the modulated band­

limited signals. 

Still :further, according to one embodiment of the invention there is provided an 

apparatus for processing an audio signal, comprising: 

an ultrasonic modulator to modulate the audio signal onto an ultrasonic carrier 

wave thereby to create a modulated audio signal; 

a filter bank to separate the modulated audio signal into a plurality of band-limited 

signals. Preferably this apparatus includes a plurality of ultrasonic emitters to transmit the 

plurality of band~limited signals. 

BRIEF DESCRIPTION OF THE DRAWINGS 
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The invention will now be described in more detail with reference to the attached 

figures, in which: 

FIG. 1 is a schematic diagram of an ultrasonic system according to one aspect of 

the invention; 

FIG. 2 is a schematic diagram of the bass enhancing module of the system of Fig. 

1· 
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FIG. 3 is a schematic diagram of the preprocessing module of the system of Fig. 1; 

FIG. 4 is a schematic diagram of a pre-modulation multiple path ultrasonic system 

according to one aspect of the invention; and 

FIG. 5 is a schematic diagram of a post-modulation multiple path ultrasonic system 

according to one aspect of the invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

FIG. 1 is a schematic diagram that shows an exemplary system according to one 

aspect of the invention. The system, generally identified with the numeral 10, commences 

with a sound source 12. The sound source 12 may be any apparatus for generating an audio 

signal for use in the invention, for example a microphone, op~cal disc player, magnetic 

tape player, RF receiver, computer system, etc. The sound source 12 may include internal 

processing of the signal it generates (e.g. amplification, normalization, bias adjustment, 

equalization, digital to analog conversion, noise reduction etc.) as is known in the art. Also, 

the sound source 12 may itself include a number of components that perform different 

functions, and a number of sound sources may together combine to provide the signal. 

The sound source 12 is coupled to a bass enhancing processor 14 and optionally to 

a pre-processor 16. The bass enhancing processor 14, as the name suggests, serves to 

enhance the signal to provide improved bass perception to the listener. The bass enhancing 

processor 14 is described in more detail below with reference to Fig. 2. The pre-processor 

16 is described in more detail below with reference to Fig. 3. The output from the pre­

processor 16 and bass enhancing processor 14 are combined and provided to an ultrasonic 

modulator 18. 
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The ultrasonic modulator 18 generates an ultrasonic carrier wave onto which the 

combined signals from the pre-processor 16 and bass enhancing processor 14 are 

modulated. The ultrasonic carrier wave has a frequency that is above the audible range of 

the human ear (e.g. above at least 15 kHz, normally above 20 kHz). The frequency of the 

carrier signal generated by the ultrasonic modulator 18 may be any suitable frequency, and 

is typically selected so that all frequency components of the modulated signal are above 20 

kHz. AB an example only, a frequency of 40 kHz would be appropriate for use in the 

invention. 

Also provided in the system 10 are a driving circuit 20 and one or more ultrasonic 

emitters 22. The driving circuit 20 provides amplification of the modulated signal received 

from the ultrasonic modulator 18, and the ultrasonic emitters 22 transmit the modulated 

signal into the air. The driving circuits 20 and the ultrasonic transmitters 22 are 

conventional in nature, and their particular configurations (power levels, etc.) will depend 

on the particular application. 

The bass enhancing processor 14 is shown in more detail in Fig. 2. In the 

exemplary embodiment, the bass enhancing processor includes a filter bank 30 and a low 

frequency preprocessor 32. The filter bank 30 separates the audio signal received from the 

audio source 12 into two or more frequency bands. In particular, a signal 34 in a low 

frequency band (for example less than 500 Hz) is passed to the low frequency preprocessor 

32 by providing a low-pass filter in the filter bank 30. The filter bank 30 may be provided 

with other filters to provide other frequency bands. 

The low frequency preprocessor 32 comprises a hannonics generator that generates 

hannonics of the low frequency signal 34 in a know manner. In particular, the hannonics 

generator generates a residue hannonic signal having a sequence of harmonics. The 

sequence ofhannonics, generated with respect to each fundamental frequency, contains at 

least three consecutive hannonics from among the primary set of hannonics for the 

fundamental frequency. 

These hannonics are added to the low frequency signal 36 by the summer 44. The 

combined signal is then passed to the modulator 18. By adding hannonics of the low 

frequency signal to the low frequency signal 34, a listener to the signal emitted by the 
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ultrasonic emitters 22 will (after demodulation), have improved low frequency perception 

than is the case without this processing. The signal leaving the low frequency preprocessor 

32 is passed to an amplifier 38. 

Also included in the bass enhancing processor 14 is a loudness analyzer 40. The 

loudness analyzer 40 measures the perceived loudness of the fundamental low frequency of 

the sound source 12. According to this measurement,_ it determines the required 

amplification/attenuation to apply to the sequence of hannonics generated in the low 

frequency preprocessor 32. This amplification/attenuation is calculated in order to match 

the loudness of the fundamental frequency and the perceived loudness of the artificially 

created ~onics. There are well established procedures in the public literature for 

realizing loudness analyzers. This field is being extensively studied and improved methods 

are constantly being suggested. Any suitable loudness analyzer may be utilized in the 

invention. 

The amplifier 39, which receives the low frequency signal 34 from the filter banks 

30, amplifies the signal based on a weighting function 42. The weighting function 42 is a 

function or a constant that determines the amount of the low frequency signal to be 

summed to the output of the low frequency preprocessor 32. The weighting function is 

adjusted according to the physical bass response efficiency of the unenhanced system 

itself. For example, if the bass response of the system is poor, the low frequency signal of 

interest should preferably be filtered out. On the other hand, if the original system exhibits, 

in a given bass frequency range, an efficiency that approaches its average efficiency, then 

preferably a full or attenuated intensity of the original low frequency signal of interest is 

summed with the signal from the low frequency preprocessor 32. 

After being amplified in the amplifiers 38 and 39, the processed signal from the 

low frequency preprocessor 32 and the low frequency signal 34 are combined in a summer 

44. These bass enhanced signals are combined with the output from preprocessor 16 and 

are passed on to the modulator 18, and from there to the driving circuits 20, and eventually 

to the ultrasonic emitters 22. 

Fig. 3 illustrates t;he pre-processor 16 of Fig. 1 in more detail. The preprocessor 16 

includes a psycho acoustic processor 50, filter banks 52, and an audio preprocessor 54. The 
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psycho acoustic processor 50 analyzes the input audio signal and computes the amount of 

noise masking available as a function of frequency. The processor 50 takes advantage of 

the human auditory system's inability to hear noise under conditions of auditory masking. 

This masking is a perceptual property of the human auditory system that occurs whenever 

the presence of a strong audio signal makes _a temporal or spectral neighborhood of weaker 

audio signals imperceptible. Under such conditions, the frequencies that will not be 

perceived can be removed/masked from the signal without affecting the perceived quality 

of the signal. 

The filter banks 52 contain a bank of bandpass filters, with overlapping passbands 

which model the auditory system that is human perception. An approach to modeling the 

auditory system is to consider the periphery as a fourier transform followed by a number of 

bandpass filters, and to view the function of entire lower auditory system as being a 

spectrum estimator. These filters banks 52 are also called the 'auditory filters'. The 

function of the filter banks 52 is to split the signal into plurality of bands, which model the 

peripheral auditory system. In audio literature, it has been concluded that the ear is 

primarily a frequency analysis device that can be approximated by bandpass filters, 

consisting of filters with overlapping frequency bands. There are well-established 

procedures in the public domain for realizing the filter banks, and accordingly they will not 

be discussed further here. 

The audio preprocessor 54 pre-distorts the signal before sending out to the 

modulator 84. This is typically done to take account of the way in which the ultrasonic 

signal demodulates in air. One of possible ways to pre-distort is to take the square root of 

the signal, as proposed in "Audio Application of the Parametric Array," J. Acoust. Soc. 

Am., Vol 102 pp 3106(A), 1997, J. Blackstock. Another way is to perform the modified 

square root method as proposed in a patent application entitled: ''Method And Apparatus 

For Generating Directional Sound Using An Ultrasonic Carrier Wave," filed on the same 

day as this application, the disclosure of which is incorporated herein by reference as if 

explicitly set forth. In this way, after the self-demodulation process in the air, the resulting 

distortion of the audio is reduced or minimized. 
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Al; can be seen from Fig. 3, the audio signal from the sound source 12 is provided 

to the filter banks 52 and the psycho acoustic processor 50. After the audio signal passes 

through the filter banks 52, it is processed further in the audio preprocessor 54. After 

leaving the audio preprocessor 54, the signal is passed to the modulator 18. 

FIG. 4 shows a multiple-path ultrasonic system 60 according to one embodiment of 

the invention. In this embodiment, the audio signal is split into at least two frequency 

bands. With this approach, the efficiency of the system may be increased, and the 

dependency on a particular ultrasonic emitter's bandwidth may be reduced. Using this 

method, the ultrasonic emitters can be selected to according to their suitability to transmit a 

particular band of frequencies. Further, by assigning the different frequency bands to the 

different modulators, it is possible to modulate the signal at different carrier frequencies, 

which can provide improved matching of the modulated signals to the different ultrasonic 

emitters. 

As can be seen from the figure, the system 60 includes a filter bank 62, a plurality 

(1 - N) of preprocessors 64, a corresponding plurality (1 - N) of modulators 66, a 

corresponding plurality (1 - N) of driving circuits 68 and a plurality (1 - N) of ultrasonic 

emitters 70 (or groups of ultrasonic emitters 70). 

The filter bank 62 comprises a number of filters having overlapping or non­

overlapping frequency pass bands. Typically, the pass bands are centered at frequencies f1 

to fN, but the first filter may be a low pass filter and the Nth filter may be a high pass filter. 

The filter bank 62 divides the signal from the sound source 12 into N signals having 

frequencies centered at the corresponding frequencies f1 to fN of the filters in the filter 

band. 

The preprocessors 72 preprocess each of the N signals. One of the processors 64 

may be the bass enhancing processor 14 of Fig. 1, to enhance a low frequency part of the 

signal but this is not required. The preprocessors 72 may also be the preprocessor 16 of 

Fig. 1, or may utilize any other preprocessing method to manipulate the signals from the 

filter bank 62. In another embodiment, the preprocessors 72 may only be provided for 

selected frequency bands (e.g. for bass enhancement), or may be omitted entirely. 
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The plurality of modulators 66 modulate the signals received from the 

preprocessors 64 onto ultrasonic carrier waves. The modulators 66 may use the same 

carrier frequency, but preferably use carrier frequencies that are chosen to correspond to 

the frequency characteristics of the signal fN or to the characteristics of the corresponding 

ultrasonic emitter 70. Preferably, the frequency of the carrier wave of the modulator 66 is 

typically matched to the resonant frequency of the corresponding ultrasonic emitter. By 

way of example only, the signal from the sound source 12 may be split into three different 

frequency bands at 0-600 Hz, 600 - 4 kHz and 4 -16 kHz, which are modulated using 

carrier frequencies of 40, 50 and 60 kHz respectively. These modulated signals will in turn 

be transmitted to ultrasonic emitters having resonant frequencies of 40, 50 and 60 kHz 

respectively. The proposed system will increase the efficiency of the demodulated audio 

output. In addition, emitters of high power could be selected to transmit the lower 

frequency signal fi which will boost the bass of the demodulated audio. 

The driving circuits 68 receive the modulated signals from the modulators 66, 

amplify them, and provide them to-the ultrasonic emitters 70. 

As mentioned, the 1 to N ultrasonic emitters 70, which receive the amplified and 

modulated signals, are selected to match (as far as possible) the characteristics of the 1 to 

N signals. Preferably, the resonant frequencies of the ultrasonic emitters are selected to be 

approximately equal to a characteristic frequency of the signal. In particular, the resonant 

frequency each of the ultrasonic emitters may be matched to the carrier wave frequency 

provided by the corresponding modulator 66 to which the ultrasonic emitter is coupled, as 

described above. 

FIG. 5 shows an alternative multiple-path ultrasonic system 80. As with the 

embodiment of Fig. 4, the audio signal from the audio source 12 is split into at least two 

frequency bands. In this embodiment however, the signal is split later in the signal path 

(after modulation) than the embodiment of Fig. 4. As for the previous embodiment, the 

embodiment of Fig. 5 provides increased efficiency, and the dependency on a particular 

ultrasonic emitter's bandwidth will be reduced. Using this method, the ultrasonic emitters 

can be selected to according to their suitability to transmit a particular band of frequencies. 
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As can be seen from the figure, the system 80 includes a preprocessor 82, a 

modulator 84, a filter bank 86 comprising a plurality of band pass filters (1 - N), a 

corresponding plurality (1 - N) of driving circuits 88 and a plurality (1 - N) of ultrasonic 

emitters 90 (or groups of ultrasonic emitters 70). 

The preprocessor 82 preprocesses the signal from the audio source 12. The 

preprocessor may utilize any preprocessing m~thod, but it is preferably the preprocessor of 

Fig. 2. 

The modulator 84 modulates the signal received from the preprocessor 82 onto an 

ultrasonic carrier wave, and passes the modulated signal on to the filter bank 86. 

The filter bank 86 comprises a number of filters having overlapping or non­

overlapping frequency pass bands. Typically, the pass bands are centered at frequencies f1 

to fN, but the first filter may be a low pass filter and the Nth filter may be a high pass filter. 

The filter bank 86 divides the signal from the modulator 84 into N signals having 

frequencies centered at the corresponding frequencies f1 to fN of the filters in the filter 

band. Although the signal passed to the filter 86 is based on a carrier wave having a 

characteristic carrier frequency, the signal has different frequency components because of 

the fact that the carrier wave has been modulated by the audio signal from the audio 

source. 

So, for example, if an audio signal with a frequency range of 50 - 16,000 Hz is 

modulated onto a carrier wave having a frequency of 40kHz, the resulting modulated 

signal will have a frequency range of approximately 24 - 56 kHz. The filter bank could 

then, for example, comprise four filters having frequency bands of 23 to 33 kHz, 31 to 

4lkHz, 39 to 49 kHz and 47 to 57 kHz, with the centers of the frequency bands 

respectively being 28, 36, 44 and 52 kHz, which will cover the entire frequency range the 

modulated signal. 

The driving circuits 88 receive the modulated signals f1 to fN from the filter bank 

86, amplify them, and provide them to the ultrasonic emitters 90. 

The 1 to N ultrasonic emitters 90 receive the amplified modulated signals from the 

driving circuits 88, and transmit them. The ultrasonic emitters 90 are selected to match (as 

far as possible) the characteristics of the 1 to N signals. In particular, the resonant 
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frequencies of the ultrasonic emitters are selected to be approximately equal to a 

characteristic frequency of the signal. In the system of Fig. 5, the resonant frequencies of 

the ultrasonic transmitters 90 are matched to the center frequencies of the corresponding 

filters in the filter bank 86. So, using the four exemplary filters discussed above, the 

ultrasonic emitters would have resonant frequencies approximately equal to 28, 36, 44 and 

52 kHz. Note that in most cases, each ultrasonic emitter 90 is made up of a group of 

ultrasonic emitters, and the term ultrasonic emitter thus includes both a single ultrasonic 

emitter as well as a group of ultrasonic transmitters. 

While this invention has been described in terms of several embodiments, it is 

contemplated that alterations, modifications and permutations thereof will become 

apparent to those skilled in the art upon a reading of the specification and study of the 

drawings. For example, a large variety of different target and prize images, screens, fields, 

and other zones which affect game play can be displayed by the video screen and be 

moved or changed during game play in various manners. Also, a variety of mechanisms 

can be used to position the device over a location of the displayed target area, to lower the 

head toward the screen, and to provide an award to the player. 

It is therefore intended that the following claims include all such alterations, 

modifications and permutations as fall within the spirit and scope of the present invention. 
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CLAIMS 

What is claimed is: 

1. A method of processing an audio signal, comprising: 

separating a low frequency component from the audio signal; 

generating harmonics of the low frequency component to create a preprocessed 

signal; and 

modulating the preprocessed signal onto an ultrasonic carrier wave. 

2. The method of claim 1 further comprising the step of: 

combining the low frequency component with the preprocessed signal prior to the 

modulating step. 

3. The method of claim 2 further comprising the step of: 

combining other frequency components of the audio signal with the preprocessed 

signal prior the modulating step. 

4. The method of claim 3 further comprising the step of: 

processing the other frequency components of the audio signal using a psycho 

acoustic model prior to combining the other frequency components of the audio signal with 

the preprocessed signal. 

5. The method of claim 2 further comprising the steps of: 

transmitting the preprocessed signal from a first ultrasonic emitter after the 

modulation step. 

6. The method of claim 5 further comprising the step of: 

modulating other frequency components of the audio signal onto an ultrasonic 

carrier wave; and 
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transmitting the modulated other ·frequency components of the audio signal using 

the first ultrasonic transmitter or a second ultrasonic emitter. 

7. The method of claim 6 wherein the preprocessed signal is modulated using an 

ultrasonic carrier wave having a first frequency and the other frequency components are 

modulated using an ult:ras.onic carrier wave having a different, second frequency. 

8. The method of claim 7 wherein the first ultrasonic emitter is matched to the first 

frequency and the second ultrasonic emitter is matched to the second frequency. 

9. A method of processing an audio signal comprising the steps of: 

separating.the audio signal into a plurality of band-limited signals; 

modulating each of the band-limited signals onto ultrasonic carrier waves having 

either the same or different carrier :frequencies thereby to create a plurality of modulated 

signals; and 

transmitting each of the modulated signals from separate ultrasonic emitters. 

l 0. The method of claim 9 wherein each of the separate ultrasonic emitters have 

resonant frequencies that are matched to the frequencies of the respective ultrasonic carrier 

waves. 

11. The method of claim 10 further comprising the step of: 

preprocessing at least one of the band-limited signals prior to the modulating step. 

12. The method of claim 11 wherein the preprocessing step comprises the steps of: 

generating harmonics of the at least one band-limited signal; 

combining the harmonics with the at least one band-limited signal. 

13. A method of processing an audio signal comprising the steps of: 
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modulating the audio signal onto an ultrasonic carrier wave to pr9vide a modulated 

audio signal; 

separating the modulated audio signal into a plurality of band-limited signals; and 

transmitting each of the plurality of band-limited signals from separate ultrasonic 

transmitters. 

14. The method of claim 13 wherein the ultrasonic transmitters are matched to a 

corresponding characteristic frequency of the respective band-limited signals. 

15. The method of claim 13 wherein the separating step is conducted by passing the 

audio signal through N filter banks having passbands centered at frequencies f1 to fN, and 

the band-limited signals are transmitted from N ultrasonic transmitters having mechanical 

resonance frequencies equal to f1 to fN respectively. 

16. An apparatus for processing an audio signal received from an audio source to 

generate a bass-enhanced signal, comprising: 

a filter to separate a low frequency component from the audio signal; 

a hannonics generator to generate harmonics of the low frequency component; and 

an ultrasonic modulator· to modulate the low frequency component and the 

harmonics onto an ultrasonic carrier wave. 

17. The apparatus of claim 16 further comprising: 

a loudness analyzer to determine an amplification level for the hannonics based on 

the loudness of the audio signal. 

18. The ap.,aratus of claim 16 further comprising: 

a weighting module to determine an amplification or attenuation level for a low 

frequency component of interest to be included in the bass enhanced signal. 

19. An apparatus for processing an audio signal comprising: 
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a filter bank for separating the audio signal into a plurality of band-limited signals; 

a plurality of ultrasonic modulators corresponding to the respective band-limited 

signals to modulate each of the band-limited signals onto an ultrasonic carrier wave; and 

a plurality of ultrasonic emitters for receiving and transmitting the modulated band­

limited signals. 

20. The apparatus of claim 19 wherein each ultrasonic emitter is matched to a 

characteristic frequency of the modulated band-limited signal transmitted thereby. 

21. The apparatus of claim 20 wherein each ultrasonic emitter has a mechanical 

resonance frequency that is matched to a characteristic frequency of the modulated band­

limited signal transmitted thereby. 

22. The apparatus of claim 21 wherein the characteristic frequency is the respective 

frequency of the carrier wave onto which each of the band-limited signals is modulated. 

23. An apparatus for processing an audio signal, comprising: 

an ultrasonic modulator to modulate the audio signal onto an ultrasonic carrier 

wave thereby to create a modulated audio signal; 

a filter bank to separate the modulated audio signal into a plurality of band-limited 

signals. 

24. The apparatus of claim 23 further comprising: 

a plurality of ultrasonic emitters to transmit the plurality of band-limited signals. 

25. The apparatus of claim 24 wherein each ultrasonic transmitter is matched to a 

characteristic frequency of the band-limited signal transmitted thereby. 

26. The apparatus of claim 24 wherein the ultrasonic transmitter is selected to have a 

mechanical resonance that is approximately matched to the characteristic frequency. 
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27. The apparatus of claim 26 wherein the characteristic frequency of at least one of the 

band-limited signals is the central frequency of the frequency band that said at least one 

band limited signal occupies. 
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