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Amplification Systems, Carrier Tracking Systems and Related Methods for use in

Parametric Sound Systems

RELATED APPLICATIONS

Priority is claimed of U.S. Provisional Patent Application Serial No. 61/585,1 12,

filed January 10, 201 2, which is hereby incorporated herein by reference in its entirety.

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates generally to the field of signal processing systems

for use in parametric sound reproduction.

Related Art

A parametric array in air results from the introduction of sufficiently intense, audio

modulated ultrasonic signals into an air column. Self demodulation, or down-

conversion, occurs along the air column resulting in an audible acoustic signal. This

process occurs because of the known physical principle that when two sound waves

with different frequencies are radiated simultaneously in the same medium, a modulated

waveform including the sum and difference of the two frequencies is produced by the

non-linear interaction (parametric interaction) of the two sound waves. When the two

original sound waves are ultrasonic waves and the difference between them is selected

to be an audio frequency, an audible sound is generated by the parametric interaction.

While the theory of parametric sound production has been addressed in

numerous publications, commercial attempts to capitalize on this intriguing



phenomenon have largely failed. Most of these efforts have proved unsuccessful

because many of the basic concepts integral to such technology while, relatively easy to

produce and operate in laboratory conditions, have not scaled properly in applications

where relatively high (or even useful) volume output is necessary. As these

technologies have been scaled to commercial levels, distortion of parametrically

produced sound output results in undesirable systems.

Certain specific problems continue to arise when the emitter at issue utilizes a

PVDF film. Such films typically stretch or contract in reaction to changing environmental

conditions such as heat, humidity, etc. (either solely as a result of exterior,

environmental conditions, or as a result of operation of the emitter, or both). This

geometric change in the emitter film can result in poor performance of the emitter, or

can result in damage being done to the film (and/or other components of the emitter).

SUMMARY OF THE INVENTION

In accordance with one aspect of the invention, a signal processing system for

generating an ultrasonic signal from an audio signal is provided, including a

compressor, operable to compress the audio signal, and an equalization circuit,

operable to equalize the audio signal. A modulation circuit is operable to combine the

audio signal with a carrier signal to produce at least one modulated carrier signal. A

voltage detection and control circuit is operable to: detect a voltage of the modulated

carrier signal; compare the detected voltage of the modulated carrier signal to a desired

reference voltage; and cause the voltage of the modulated carrier signal to be adjusted

if the compared voltage differs by a predetermined amount from the desired reference

voltage.



In accordance with another aspect of the invention, a signal processing system

for generating an ultrasonic signal from an audio signal is provided, including a

compressor, operable to compress the audio signal, and an equalization circuit,

operable to equalize the audio signal. A modulation circuit is operable to combine the

audio signal with a carrier signal to produce at least one modulated carrier signal. A

voltage detection and control circuit is operable to: detect a voltage of the modulated

carrier signal; compare the detected voltage of the modulated carrier signal to a desired

reference voltage; cause the frequency of the modulated carrier signal to be adjusted if

the compared voltage differs by a predetermined amount from the desired voltage.

In accordance with another aspect of the invention, a method of processing an

audio signal to be provided to an ultrasonic emitter is provided, including: compressing

an audio signal; equalizing the audio signal; combining the audio signal with a carrier

signal to produce at least one modulated carrier signal; detecting a voltage of the

modulated carrier signal; comparing the detected voltage of the modulated carrier signal

to a desired voltage; and causing the voltage of the modulated carrier signal to be

adjusted if the compared voltage differs by a predetermined amount from the desired

voltage.

In accordance with another aspect of the invention, a method of processing an

audio signal to be provided to an ultrasonic emitter is provided, including: compressing

an audio signal; equalizing the audio signal; combining the audio signal with a carrier

signal to produce at least one modulated carrier signal; detecting a voltage of the

modulated carrier signal; comparing the detected voltage of the modulated carrier signal

to a desired voltage; and causing the frequency of the modulated carrier signal to be



adjusted if the compared voltage differs by a predetermined amount from the desired

voltage.

BRIEF DESCRIPTION OF THE DRAWINGS

The following drawings illustrate exemplary embodiments for carrying out the

invention. Like reference numerals refer to like parts in different views or embodiments

of the present invention in the drawings.

FIG. 1 is a schematic diagram of an exemplary signal processing system in

accordance with one embodiment of the invention; and

FIG. 2 is a block diagram of an exemplary method in accordance with an

embodiment of the invention.

DETAILED DESCRIPTION

Reference will now be made to the exemplary embodiments illustrated in the

drawings, and specific language will be used herein to describe the same. It will

nevertheless be understood that no limitation of the scope of the invention is thereby

intended. Alterations and further modifications of the inventive features illustrated

herein, and additional applications of the principles of the inventions as illustrated

herein, which would occur to one skilled in the relevant art and having possession of

this disclosure, are to be considered within the scope of the invention.



Definitions

As used herein, the singular forms "a" and "the" can include plural referents

unless the context clearly dictates otherwise. Thus, for example, reference to "an

emitter" can include one or more of such emitters.

As used herein, the term "substantially" refers to the complete or nearly

complete extent or degree of an action, characteristic, property, state, structure, item, or

result. For example, an object that is "substantially" enclosed would mean that the

object is either completely enclosed or nearly completely enclosed. The exact allowable

degree of deviation from absolute completeness may in some cases depend on the

specific context. However, generally speaking the nearness of completion will be so as

to have the same overall result as if absolute and total completion were obtained. The

use of "substantially" is equally applicable when used in a negative connotation to refer

to the complete or near complete lack of an action, characteristic, property, state,

structure, item, or result. In other words, a composition that is "substantially free of an

ingredient or element may still actually contain such item as long as there is no

measurable effect thereof.

As used herein, the term "about" is used to provide flexibility to a numerical range

endpoint by providing that a given value may be "a little above" or "a little below" the

endpoint.

As used herein, a plurality of items, structural elements, compositional elements,

and/or materials may be presented in a common list for convenience. However, these

lists should be construed as though each member of the list is individually identified as a

separate and unique member. Thus, no individual member of such list should be



construed as a de facto equivalent of any other member of the same list solely based on

their presentation in a common group without indications to the contrary.

Numerical data may be expressed or presented herein in a range format. It is to

be understood that such a range format is used merely for convenience and brevity and

thus should be interpreted flexibly to include not only the numerical values explicitly

recited as the limits of the range, but also to include all the individual numerical values

or sub-ranges encompassed within that range as if each numerical value and sub-range

is explicitly recited. As an illustration, a numerical range of "about 1 to about 5" should

be interpreted to include not only the explicitly recited values of about 1 to about 5, but

also include individual values and sub-ranges within the indicated range. Thus,

included in this numerical range are individual values such as 2, 3 , and 4 and sub

ranges such as from 1-3, from 2-4, and from 3-5, etc., as well as 1, 2, 3 , 4, and 5,

individually.

This same principle applies to ranges reciting only one numerical value as a

minimum or a maximum. Furthermore, such an interpretation should apply regardless

of the breadth of the range or the characteristics being described.

Invention

The present invention relates to improved signal processing systems for use in

generating parametric audio signals.

FIG. 1 is provided as one exemplary manner in which the present invention can

be carried out. In accordance with one aspect of the invention, an amplifying system is

provided that can utilize a Hilbert transform to generate a Single Side Band ("SSB")

carrier frequency. In the aspect shown, an input audio signal is first processed using



compression, equalization and distortion compensation. It is then modulated (or

"mixed") with a carrier signal at an exemplary carrier frequency of 44.1 kHz (or another

suitable ultrasonic frequency) to form a single sideband signal for transmission into the

air.

In the exemplary embodiment shown, the audio processing can proceed as

follows: analog audio 100 can enter an analog gain 102. Analog gain control can

modify the audio signal level before the signal is run through the Analog to Digital

Converter ("ADC") 104. Band pass filtering at 106 of the digital signal can be used to

remove the highs and lows that are not of interest. The digital signal can then be

passed to the Digital Signal Processor ("DSP") 108.

At the DSP 108, the signal can be amplitude compressed by compressor 110 to

decrease the dynamic range. This can be advantageous in that the audio can have a

very high dynamic range, and if not compressed, it can overflow the digital stages to

follow. Equalizer 112 can equalize the signal. The next stage is the N h order distortion

compensator 116 . While not so limited, in one aspect of the invention the order is "2"

(that is, the signal is passed through the distortion compensator twice). In other

embodiments, however, more (or fewer) passes may be made. The following U.S.

Patents provide a good background discussion of the general workings of distortion

compensators that can be used in the present system: 6,584,205, 7,1 62,042, 7,729,498

and 7,596,229, which are each hereby incorporated herein by reference in their entirety.

To the extent that any information in any of these four patents contradicts or teaches

away from the present invention, that information is to be held subordinate to the

present teachings.



The distortion compensator 116 can compensate for the nonlinearities of the air

column (acoustic channel) into which the emitter eventually emits the modulated wave.

After the distortion compensator, the processed digital audio signal can be mixed with

the SSB carrier at modulator 114. The modulated data can be band pass filtered at

118, then run through the emitter correction at 120. This can correct for any distortion

of the ultrasound caused by the emitter. Finally, the digital data can be passed to a

DAC 122 for conversion back to analog. Gain can be added at 124 to adjust the analog

signal to the level best suited to the class D amplifier 126. Gain can also be added or

taken away at any point in the path (e.g., at the ADC, DSP and/or DAC).

In one aspect of the invention, a process that can be termed "Voltage Amplitude

Tracking" can be utilized to optimize the performance of an emitter 128, and to protect

the emitter from becoming damaged. One of the characteristics of typical emitter film is

that it "warms up" while playing. The emitter is typically comprised of a step up

transformer and the film (which is a capacitor). The combination of these two forms a

resonant circuit. When the film "warms up," this resonant circuit can change frequency.

This different frequency can be experienced by the Class D amplifier 126 as a different

load. The result of this is that the voltage on the emitter can increase, and it can

eventually "run away" and burn up the emitter.

To address these issues, the present system can implement voltage tracking (a

generic detecting and control circuit is shown schematically at 132) which monitors the

output of the Class D amplifier. The audio and carrier signal can then be converted to a

DC level. Using an ADC and a microcontroller, this signal can be fed back to the DSP

108 to adjust the amplitude of the signal out of the DAC 122. In this manner, the



present system can continually set and monitor the level of the signal entering the

emitter.

The above-described voltage tracking system and process can be particularly

advantageous when applied to a stereo system. As no two emitters are exactly the

same, this process can be utilized to deliver an optimal signal to each of the emitters

(e.g., balance the two emitters). In this manner, the same voltage can be delivered to

each emitter, even if the two emitters differ slightly.

In addition to, or instead of, the voltage amplitude tracking system and process

outlined above, the detecting and control circuit 132 can be used to implement a

frequency tracking system. In this aspect, frequency tracking can be implemented

utilizing substantially the same hardware as discussed above in relation to the voltage

amplitude tracking regime, except that, rather than adjusting the amplitude of the signal,

the frequency of the carrier can be adjusted. This can be beneficial because, as the

tuned resonant circuit "warms up," its peak frequency can shift. The present system

can adjust the carrier frequency to stay in the "sweet spot" of the upper side band.

The voltage and/or frequency tracking and control system outlined above can be

carried out in a number of manners, using various known components. Suitable

regimes for doing so will be readily appreciated by one of ordinary skill in the art having

possession of this disclosure.

In one aspect of the invention, a carrier drop and carrier mute regime can be

implemented with the present system. The carrier drop can be a technique by which

the amplitude of the carrier is dropped if no audio is detected on the input. There are

several benefits to dropping the carrier, including, without limitation, that carrier drop

can reduce the power consumed but still maintain the emitter in a "warmed up" state in



the case the audio returns. The system can also include a carrier mute which

completely cuts the carrier if the audio is not detected for an extended period of time.

While the various components of the system described above and shown in the

attached FIG. 1 can vary in position relative to one another (e.g., the signal sequence

can vary from that shown), in some embodiments of the invention, the order of the

components is precisely that as shown (e.g., the signal processing sequence is

precisely that as shown). In other embodiments, the signal processing sequence can

be only partially matched to that shown. In some embodiments, the signal processing

sequence can be very important to producing clear audio output.

FIG. 2 illustrates on exemplary method in accordance with an embodiment of the

invention. This method can begin at 202, where an audio signal (that is desired to be

provided to an ultrasonic emitter) is compressed. At 204, the audio signal can be

equalized. At 206, the audio signal can be combined with a carrier signal to produce at

least one modulated carrier signal. At 208, a voltage of the modulated carrier signal can

be detected, and compared, at 210, to a desired (or target, or reference) voltage. At

2 12, if the compared voltage differs by a predetermined amount from the desired

voltage, the voltage or frequency of the modulated carrier signal can be adjusted. In

this manner, the present technology can constantly maintain the modulated carrier

signal at a target voltage or frequency. This can avoid, among other undesirable

outcomes, having the signal "run away" and damage (e.g., overheat) the emitter.

It is to be understood that the above-referenced arrangements are illustrative of

the application for the principles of the present invention. Numerous modifications and

alternative arrangements can be devised without departing from the spirit and scope of

the present invention while the present invention has been shown in the drawings and



described above in connection with the exemplary embodiments(s) of the invention. It

will be apparent to those of ordinary skill in the art that numerous modifications can be

made without departing from the principles and concepts of the invention as set forth in

the examples.



Claims

What is claimed is:

1. A signal processing system for generating an ultrasonic signal from an audio

signal, comprising:

a compressor, operable to compress the audio signal;

an equalization circuit, operable to equalize the audio signal;

a modulation circuit, operable to combine the audio signal with a carrier signal to

produce at least one modulated carrier signal; and

a voltage detection and control circuit, operable to:

i) detect a voltage of the modulated carrier signal;

ii) compare the detected voltage of the modulated carrier signal to a

desired voltage; and

iii) cause the voltage of the modulated carrier signal to be adjusted if the

compared voltage differs by a predetermined amount from the desired voltage.

2 . The signal processing system of claim 1, wherein the compressor, the

equalization circuit and the modulation circuit are portions of a digital signal processing

("DSP") system, and wherein the digital signal processing system is at least partially

controllable by the voltage detection and control circuit.

3 . The signal processing system of claim 2, further comprising an analog-to-

digital converter ("ADC") that converts an analog input audio signal to a digital signal for

processing by the digital signal processing system.



4 . The signal processing system of claim 3, further comprising a band pass filter,

operably disposed after the ADC.

5 . The signal processing system of claim 1, further comprising a distortion

compensator, operable to pre-compensate for acoustic distortion produced in an air

column in which the audio signal is demodulated.

6 . The signal processing system of claim 1, further comprising an emitter

correction circuit, to prevent emitter distortion from degrading performance of the

distortion compensator.

7 . A signal processing system for generating an ultrasonic signal from an audio

signal, comprising:

a compressor, operable to compress the audio signal;

an equalization circuit, operable to equalize the audio signal;

a modulation circuit, operable to combine the audio signal with a carrier signal to

produce at least one modulated carrier signal; and

a frequency detection and control circuit, operable to:

i) detect a voltage of the modulated carrier signal;

ii) compare the detected voltage of the modulated carrier signal to a

desired voltage; and

iii) cause the frequency of the modulated carrier signal to be adjusted if

the compared voltage differs by a predetermined amount from the desired

voltage.



8 . The signal processing system of claim 7, wherein the compressor, the

equalization circuit and the modulation circuit are portions of a digital signal processing

("DSP") system, and wherein the digital signal processing system is at least partially

controllable by the frequency detection and control circuit.

9 . The signal processing system of claim 8, further comprising an analog-to-

digital converter ("ADC") that converts an analog input audio signal to a digital signal for

processing by the digital signal processing system.

10 . The signal processing system of claim 9, further comprising a band pass

filter, operably disposed after the ADC.

11. The signal processing system of claim 7, further comprising a distortion

compensator, operable to pre-compensate for acoustic distortion produced in an air

column in which the audio signal is demodulated.

12 . The signal processing system of claim 7, further comprising an emitter

correction circuit, to prevent emitter distortion from degrading performance of the

distortion compensator.

13 . A method of processing an audio signal to be provided to an ultrasonic

emitter, the method comprising:

compressing an audio signal;



equalizing the audio signal;

combining the audio signal with a carrier signal to produce at least one

modulated carrier signal;

detecting a voltage of the modulated carrier signal;

comparing the detected voltage of the modulated carrier signal to a desired

voltage; and

causing the voltage of the modulated carrier signal to be adjusted if the

compared voltage differs by a predetermined amount from the desired voltage.

14. The method of claim 13, wherein compression, equalization and combining

are performed by a digital signal processing ("DSP") system, and wherein the digital

signal processing system is at least partially controllable by a voltage detection and

control circuit.

15 . The method of claim 14, wherein adjusting the voltage of the modulated

carrier signal is performed in response to a command from the voltage detection and

control circuit.

16 . The method of claim 14, wherein detecting the voltage of the modulated

carrier signal is performed after the modulated carrier signal is converted to an analog

signal.

17 . A method of processing an audio signal to be provided to an ultrasonic

emitter, the method comprising:



compressing an audio signal;

equalizing the audio signal;

combining the audio signal with a carrier signal to produce at least one

modulated carrier signal;

detecting an average voltage amplitude of the modulated carrier signal;

comparing the detected average voltage amplitude of the modulated carrier

signal to a desired reference voltage; and

causing the frequency of the modulated carrier signal to be adjusted if the

compared voltage differs by a predetermined amount from the desired voltage.

18 . The method of claim 17, wherein compression, equalization and combining

are performed by a digital signal processing ("DSP") system, and wherein the digital

signal processing system is at least partially controllable by a voltage detection and

control circuit.

19 . The method of claim 18, wherein adjusting the frequency of the modulated

carrier signal is performed in response to a command from the voltage detection and

control circuit.

20. The method of claim 18, wherein detecting the voltage of the modulated

carrier signal is performed after the modulated carrier signal is converted to an analog

signal.
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