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ACTIVE NOISE FILTERING FOR VOICE 
COMMUNICATION SYSTEMS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of US. Provi 
sional Patent Application No. 60/324,035, ?led Sep. 20, 
2001. 

BACKGROUND OF THE INVENTION 

[0002] 1. Technical Field 

[0003] The present invention relates generally to the ?eld 
of speech signal processing and more particularly to a noise 
?ltering system for use in a communications system. 

[0004] 2. Background Art 

[0005] In certain types of vehicles, such as submarines and 
aircraft, clear communications betWeen the members of the 
creW is considered desirable for proper operation of the 
vehicle. In many onboard voice communication systems, the 
communications betWeen various creWmembers is typically 
accomplished through the use of an onboard electronic 
intercom system. The typical onboard electronic intercom 
system Will generally include headphones and microphones 
and Will alloW for communications betWeen the primary 
vehicle operators as Well as creWmembers located in other 
parts of the vehicle. 

[0006] In operation, the typical microphone receives both 
voice signals and various “noise” signals. Noise signals can 
be generally characteriZed as undesired audio signals that 
tend to mask or distort the desired audio signals. In general, 
noise may be introduced into the communication system by 
various sources including the ambient operational environ 
ment of the vehicle, sources external to the vehicle, and by 
the operational components of the communication system 
itself. Regardless of the source, noise is generally manifest 
as spurious audio signals in the voice communication sys 
tem. Accordingly, users of the electronic communications 
system Will hear both the desired voice signal and, in many 
intercom-type communication systems, various noise sig 
nals. 

[0007] As can be appreciated, the introduction of noise 
into the communications system is considered undesirable. 
Noise tends to inhibit clear communications and may cause 
miscommunication of important information that could be 
detrimental to the desired operation of the vehicle. Addi 
tionally, noise mixed With the speech signal tends to mask or 
distort the speech signal and, in certain situations, may 
render the voice signal entirely unintelligible. Finally, the 
continued exposure to noise in the communications system 
can cause unnecessary strain on the creW as they try to 
decipher the voice signal, thereby increasing operator 
fatigue. 
[0008] In an effort to mitigate the undesirable effects of 
noise in the communications system, some conventional 
intercom communication systems have adopted a compres 
sion scheme in order to reduce the noise introduced by the 
communications system itself. In a typical compressed sig 
nal system, mixed noise and voice signals are compressed at 
the transmitting end and then expanded at the receiving end 
of the system. These systems are typically implemented to 
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reduce only the noise introduced in the transmission channel 
of the communication system itself, betWeen the micro 
phone and the headphone. Accordingly, any ambient acous 
tic noise picked up by the microphone tends to remain 
unchanged in these systems. 

[0009] Other types of communication systems attempt to 
cancel noise by measuring the ambient noise in the vicinity 
of the microphone. Then, various ?lters may be employed to 
subtract the “measured” noise from the combined voice and 
noise signal. While someWhat effective, these systems gen 
erally require tWo microphones, the ?rst microphone being 
used to pick up the combined voice and noise signal While 
the second microphone attempts to pick up only the ambient 
noise. The requirement for a second microphone adds cost 
and complexity to the intercom system and may not sub 
stantially enhance performance because the ambient noise in 
the vicinity of the second microphone may not accurately 
represent the ambient noise in the vicinity of the ?rst 
microphone. 
[0010] In vieW of the foregoing, it should be appreciated 
that it Would be desirable to provide methods and apparatus 
for minimiZing the undesirable noise in a vehicle’s commu 
nication system Without substantially increasing the cost and 
complexity of the communication system. Furthermore, 
additional desirable features Will become apparent to one 
skilled in the art from the foregoing background of the 
invention and folloWing detailed description of a preferred 
exemplary embodiment and appended claims. 

SUMMARY OF THE INVENTION 

[0011] The present invention includes a processor con?g 
ured to receive at least one operating parameter from an 
operating parameter input and, based on the operating 
parameter, con?gure at least one ?lter to ?lter a signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] The preferred exemplary embodiment of the 
present invention Will hereinafter be described in conjunc 
tion With the appended draWings, Where like designations 
denote like elements, and: 

[0013] FIG. 1 is a schematic block diagram of an appa 
ratus for ?ltering vehicle noise sources in accordance With a 
preferred exemplary embodiment of the present invention; 

[0014] FIG. 2 is a frequency diagram of a voice signal and 
various noise signals; and 

[0015] FIG. 3 is a How diagram for ?ltering vehicle noise 
sources in accordance With a preferred exemplary embodi 
ment of the present invention. 

DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT 

[0016] In the most preferred embodiments of the present 
invention, a series of digital ?lters are “tuned” to the 
frequency of the ambient noises of the vehicle environment 
and can be adjusted as the ambient noise changes. 

[0017] Referring noW to FIG. 1, a noise ?ltering apparatus 
100 comprises a plurality of digital ?lters 120, 130 and 140, 
and a processor 150. Processor 150 is con?gured to receive 
at least one operating parameter associated With the opera 
tion of the vehicle containing noise ?ltering apparatus 100 



US 2003/0053636 A1 

via operating parameter input 190. An operating parameter 
may be any type of information relative to the operation of 
the vehicle containing noise-?ltering apparatus 100. This 
Would include information about the operational environ 
ment as Well as the various devices used in conjunction With 
the operation of the vehicle. 

[0018] Digital ?lters 120, 130 and 140 are each con?gured 
to receive and process an audio signal 106 received from an 
audio source 105. Each digital ?lter 120, 130 and 140 is 
connected to processor 150 and is con?gured With a center 
frequency input 122, 132, and 142 respectively. Addition 
ally, each digital ?lter 120, 130 and 140 is con?gured With 
a ?lter bandWidth input 124, 134, or 144 respectively. 
Processor 150 can selectively adjust the center frequency of 
each of digital ?lters 120, 130, and 140. Similarly, processor 
150 can selectively adjust the bandWidth for each digital 
?lter 120, 130, and 140. This ability to adjust ?lters 120, 
130, and 140 alloWs for the deployment of a relatively robust 
and ?exible noise ?ltering apparatus 100. 

[0019] Additionally, as shoWn in FIG. 1, an audio source 
105 is coupled to noise ?ltering apparatus 100 and provides 
an audio signal 106 via an analog to digital (A/D) converter 
110. Similarly, a digital to analog (D/A) converter 160 is 
coupled to an output signal connector 155 and is provided to 
convert the digital output signal from noise ?ltering appa 
ratus 100 to an analog signal, suitable for use With loud 
speaker 170 and/or transmitter 180. Other types of output 
devices, including other headsets or additional signal pro 
cessing devices, may be employed in various other embodi 
ments of the present invention as Well. 

[0020] Processor 150 is most preferably con?gurable to 
adaptively respond to variations in the noise frequencies 
associated With the operation of the vehicle. By using 
operating parameter input 190, information relative to the 
operating environment of the vehicle can be used to adjust 
the center frequency for ?lters 120, 130 and 140. For 
eXample, as the revolutions-per-minute (RPM) of a helicop 
ter rotor increase or decrease, the center frequencies of the 
noise signal associated With the rotor tend to shift. If the 
information relative to the helicopter rotor RPM is trans 
mitted to processor 150 via operating parameter input 190, 
then processor 150 can selectively adjust the center fre 
quency of one or more of ?lters 120, 130 and/or 140 to 
adaptively recon?gure ?lters 120, 130, and/or 140, thereby 
more effectively ?ltering the helicopter rotor noise signal 
over a broader operating range. 

[0021] Additionally, the bandWidth of each of ?lters 120, 
130 and 140 may be selectively adjusted by processor 150, 
based on the operating environment as determined in con 
junction With input received from operating parameter input 
190. For certain noise sources, the bandWidth of a given 
?lter 120, 130 or 140 may be narroWed While it may be 
desirable to broaden the bandWidth of another ?lter to 
reduce or eliminate the noise associated With a different 
noise source. In general, to preserve the integrity of the voice 
signal to the eXtent possible, the bandWidth of ?lters 120, 
130 and 140 Will be kept as narroW as practical for a given 
noise source. This recon?guration capability thereby alloWs 
noise-?ltering apparatus 100 to be con?gured for a variety of 
noise frequencies Without requiring a separate noise ?lter for 
each possible noise source or multiple ?lters for a single 
noise source With a changing center frequency. In the most 
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preferred embodiments of the present invention, the audio 
signal is ?ltered prior to compression and/or transmission to 
any output device such as loudspeaker 170 and/or transmit 
ter 180. This means that in the most preferred embodiments 
of the present invention, signal ?ltering is performed on the 
input side of noise ?ltering apparatus 100. 

[0022] While the most preferred embodiments of the 
present invention use a series of ?lters that are adaptively 
recon?gurable by processor 150, other embodiments may 
rely on a series of non-recon?gurable ?lters speci?cally 
tuned to ?lter one or more pre-determined noise sources, at 
a pre-determined frequency and/or bandWidth. In those 
embodiments, processor 150 Would simply select one or 
more ?lters from the population of available ?lters, depend 
ing on the noise source and the operational environment of 
the vehicle as determined in conjunction With input received 
from operating parameter input 190. 

[0023] In this particular exemplary embodiment, audio 
source 105 is depicted as the boom microphone of a standard 
aviator’s headset, typical of the type used by a pilot or 
creWmember in an aircraft. HoWever, it should be noted that 
this depiction is merely representative in nature and other 
audio sources may be con?gured for use With the present 
invention as Well. Additionally, in certain applications, it is 
anticipated that audio signal 106 may be a digital signal, 
obviating the need for A/D converter 110. Similarly, the 
signal provided at output signal connector 155 may not need 
to be converted to an analog signal in certain applications. 
Finally, those skilled in the art Will recogniZe that the 
conversion of an input or an output signal may be accom 
plished by many means and all such conversions, if required, 
are considered to be Within the scope of the present inven 
tion. 

[0024] It should also be noted that although the number of 
digital ?lters depicted in FIG. 1 is three, the eXact number 
of digital ?lters used in noise ?ltering apparatus 100 is 
largely a design consideration and Will be determined by the 
speci?c application, based on parameters such as the number 
and type of noise sources. Similarly, although a single 
operating parameter input 190 is shoWn, those skilled in the 
art Will recogniZe that, if necessary or desired for a speci?c 
application, additional operating parameter inputs may be 
included in noise ?ltering apparatus 100 Without departing 
from the overall spirit and scope of the present invention. 

[0025] Referring noW to FIG. 2, a frequency diagram 200 
for a voice signal 250 combined With a plurality of noise 
frequencies (f1, f2, and f3) With each frequency having a 
center frequency 220, 230 or 240. Frequency diagram 200 
illustrates the interaction of the noise signals With voice 
signal 250 and each noise frequency shoWn in FIG. 2 can be 
attributed to a speci?c noise source associated With the 
operational environment of a vehicle such as an airplane or 
helicopter. Voice signal 250 can contain noise attributable to 
the operation of the vehicle and, as shoWn in FIG. 2, the 
noise frequencies Will generally be identi?able Within mul 
tiple frequency bands. As shoWn in FIG. 2, each typical 
noise frequency has a relatively narroW bandWidth. Accord 
ingly, these frequencies can be identi?ed/characterized and 
a ?lter can be appropriately con?gured With a suitable 
bandWidth to mask the noise signal at that speci?c fre 
quency. 

[0026] Referring noW to FIG. 3, a method 300 for imple 
menting a noise ?ltering apparatus in accordance With a 
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preferred exemplary embodiment of the present invention is 
shown. As shoWn in FIG. 3, a frequency spectrum analysis 
of a given vehicle is conducted (step 310) to identify various 
noise sources and related noise frequencies associated With 
the operating environment of the vehicle. This analysis Will 
also characteriZe the noise frequencies and the associated 
bandWidths of these frequencies for the various operating 
modes of the vehicle (step 320). The noise sources may 
include things such as electrical devices, machinery, 
mechanical sub-systems and the like. 

[0027] Next, appropriate ?lters for the identi?ed frequen 
cies Will be selected (step 330). These ?lters Will be spe 
ci?cally con?gurable for the noise frequencies identi?ed in 
the spectrum analysis and characteriZation steps of method 
300. After the ?lters have been selected, the processor that 
Will control the ?lters Will be con?gured With information 
about each of the ?lters, including identifying an initial 
center frequency input and a ?lter bandWidth input for each 
of the ?lters. This Will alloW the processor to control the 
bandWidth of each ?lter and selectively activate or deacti 
vate the appropriate ?lter or ?lters, depending on the speci?c 
noise frequency as determined by the operating parameter or 
parameters. 

[0028] Finally, in typical operation, the processor Will 
receive at least one operating parameter (step 350) and Will 
adjust the center frequency of at least one of the ?lters to 
reduce or eliminate the noise signal associated With that 
operating parameter (step 360) or adjust the bandWidth (step 
370) of one or more ?lters, if necessary. Steps 360 and 370 
are optional steps that Will be used as necessary, depending 
on the type of noise signal being ?ltered and the type of 
?ltering being performed. The center frequency adjustment 
Will alloW various noises to be ?ltered based on changes in 
the operating environment and changes in the bandWidth 
Will alloW for the speci?c ?ltering of isolated noises, as 
desired. It should be noted that steps 350, 360 and/or 370 
may be repeated for any number of operating parameters 
and/or for any number of changes in any given operating 
parameter or parameters. In this manner, it is possible to 
con?gure the noise ?ltering apparatus for a multitude of 
different noise signals generated by a number of different 
operating environments. 

[0029] From the foregoing description, it should be appre 
ciated that methods and apparatus are provided for a vehicle 
noise ?ltering system. While certain preferred exemplary 
embodiments have been presented in the foregoing detailed 
description of the preferred exemplary embodiments, it 
should be appreciated that a vast number of variations in the 
embodiments exist. For example, although the various pre 
ferred exemplary embodiments of the present invention have 
been described in the context of a communications system 
for an aircraft, the apparatus and methods of the present 
invention are equally applicable to communication systems 
in other vehicles such as submarines, spacecraft, and the 
like. 

[0030] It should also be appreciated that the preferred 
exemplary embodiments are only examples, and are not 
intended to limit the scope, applicability, or con?guration of 
the invention in any Way. Rather, the foregoing detailed 
description provides those skilled in the art With a conve 
nient road map for implementing the preferred exemplary 
embodiments of the invention. It should also be understood 
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that various changes may be made in the function and 
arrangement of elements described in the preferred exem 
plary embodiments Without departing from the spirit and 
scope of the invention as set forth in the appended claims. 

1. A noise ?ltering apparatus comprising: 

a processor, said processor being con?gured to receive at 
least one operating parameter from an operating param 
eter input; and 

at least one ?lter coupled to said processor, said at least 
one ?lter being con?gurable by said processor based on 
said at least one operating parameter. 

2. The noise ?ltering apparatus of claim 1 further com 
prising an audio source coupled to said noise ?ltering 
apparatus, said audio source being con?gured to transmit an 
audio signal to said noise ?ltering apparatus. 

3. The noise ?ltering apparatus of claim 2 Wherein said 
audio source comprises a microphone. 

4. The noise ?ltering apparatus of claim 1 further com 
prising an output device coupled to said noise ?ltering 
apparatus, said output device being con?gured to transmit a 
?ltered signal received from said noise ?ltering apparatus. 

5. The noise ?ltering apparatus of claim 2 Wherein said 
output device comprises a loudspeaker. 

6. The noise ?ltering apparatus of claim 2 Wherein said 
output device comprises a transmitter. 

7. The noise ?ltering apparatus of claim 1 Wherein said at 
least one ?lter coupled to said processor comprises a plu 
rality of digital ?lters coupled to said processor, Wherein 
each of said plurality of digital ?lters is con?gurable by said 
processor based on said at least one operating parameter. 

8. The noise ?ltering apparatus of claim 2 further com 
prising an analog-to-digital converter coupled betWeen said 
audio source and said noise ?ltering apparatus, said analog 
to-digital converter being con?gured to convert an analog 
signal to a digital signal. 

9. The noise ?ltering apparatus of claim 4 further com 
prising a digital-to-analog converter coupled betWeen said 
noise ?ltering apparatus and said output device, said digital 
to-analog converter being con?gured to convert a digital 
signal to an analog signal. 

10. The noise ?ltering apparatus of claim 1 Wherein said 
at least one operating parameter comprises a plurality of 
operating parameters. 

11. A noise ?ltering apparatus comprising: 

a processor, said processor being con?gured to receive at 
least one operating parameter from an operating param 
eter input; 

a plurality of digital ?lters coupled to said processor, each 
of said plurality of ?lters being con?gurable by said 
processor based on said at least one operating param 

eter; 

an analog-to-digital converter coupled to said noise ?l 
tering apparatus, said analog-to-digital converter being 
con?gured to convert an analog signal to a digital 
signal; 

an audio source coupled to said analog-to-digital con 
verter, said audio source being con?gured to transmit 
an analog signal to said noise ?ltering apparatus via 
said analog-to-digital converter; 
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a digital-to-analog converter coupled to said noise ?lter 
ing apparatus, said digital-to-analog converter being 
con?gured to convert a digital signal to an analog 
signal; and 

an output device coupled to said digital-to-analog con 
verter, said output device being con?gured to transmit 
a ?ltered signal received from said noise ?ltering 
apparatus via said digital-to-analog converter. 

12. The noise ?ltering apparatus of claim 11 Wherein said 
output device comprises a loudspeaker. 

13. The noise ?ltering apparatus of claim 11 Wherein said 
audio source comprises a microphone. 

14. A noise ?ltering method comprising the steps of: 

analyZing a frequency spectrum to identify at least one 
noise source; 

selecting at least one ?lter based on a frequency associ 
ated With said at least one noise source; 

con?guring a processor to adaptively con?gure said at 
least one ?lter; 

supplying said processor With at least one operating 
parameter; and 

con?guring said at least one ?lter based on said at least 
one operating pararneter. 
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15. The noise ?ltering method of claim 14 Wherein said 
step of selecting at least once ?lter comprises the step of 
selecting a plurality of ?lters. 

16. The noise ?ltering method of claim 15 Wherein said 
step of con?guring at least one ?lter based on said at least 
one operating pararneter comprises the step of con?guring a 
plurality of ?lters based on said at least one operating 
pararneter. 

17. The noise ?ltering method of claim 14 further corn 
prising the step of using said at least one ?lter to ?lter an 
audio signal. 

18. The noise ?ltering method of claim 17 further corn 
prising the step of transmitting said audio signal to an output 
device after ?ltering said audio signal. 

19. The noise ?ltering method of claim 18 Wherein said 
output device comprises a loudspeaker. 

20. The noise ?ltering method of claim 14 further corn 
prising the step of transmitting an audio signal from an audio 
source to said at least one ?lter. 

21. The noise ?ltering method of claim 20 Wherein said 
audio source is a microphone. 


