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ELECTRONIC DEVICES, METHODS OF OPERATING THE SAME, AND
COMPUTER PROGRAM PRODUCTS FOR DETECTING NOISE IN A SIGNAL
BASED ON A COMBINATION OF SPATIAL CORRELATION AND TIME
CORRELATION

RELATED APPLICATION
This application claims the benefit of Provisional Appliqation Nos. 60/395,889
and 60/395,888, filed July 15, 2002, the disclosures of which are hereby incorporated

herein by reference.

BACKGROUND OF THE INVENTION

The present invention relates to signal processing technology, and, more
particularly, to methods, electronic devices, and computer program products for -
detecting noise in a signal.

Wind noise may be picked up by micfophones used in such devipes as mobile
terminals and hearing aids, for example, and may be a source of interference for a
desired audio signal. Electronic devices may incorporate adapti'vely directional
microphones to reduce the effect of wind noise. More specifically, an electronic
device may adjﬁst the directivity pattern created by its microphones based on whether
the electronic device is operating in a wind mode or no-wind mode. |

Conventionally, as described in U. S. Patent Application Publication US
2002/0037088 by Dickel et al., the disclosure of which is hereby incorporated herein
by reference, a windy condition is detected by analyzing the output signals of at least
two microphones. In more detail, one output signal is subtracted from the other to
remove a common component of the two signals. The result of the subtraction is
averaged and compared with a threshold value. - If the threshold value is exceeded,
then the device switches to a wind mode due to the wind being generally spatially
uncorrelated. Unfortunately, the foregoing approach to detecting wind noise generally

is more effective when turbulence near the microphones is large. For some wind
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zver, the wrowlence may oe rziavvely small. Oler nolse sources ina are

angles, hovr
uncorrsiared or inverse correlaied o each other In space may generaie a false windy

condition.

SUMMARY OF THE INVENTION

According to some embodiments of the present invention, noise, such as wind
noise, for example, may be detected in an electronic device by generating first and
second microphone zignals. Cross correlation coefficients are determined for the first
and the second microphone signals and autocorrelation coefficients are determined for
the first and second microphone signals, respectively. A determination may be made
whether at least one of the nﬁcrophone signals includes a noise component based on
the cross correlation coefficients, the first autocorrelation coefficients, and the second
autocorrelation coefficients. Embodiments of the present invention use the properties
that wind noise is relatively uncorrelated in space, but relatively correlated in time.
These two properties may be represented by cross correlation coefficients for multiple
microphone signals and autocorrelation coefficients for the individual microphone ‘
signals, respectively. By combining both a cross correlation coefﬁcient. analysis and
an autocorrelation coefficient analysis, embddiments of the present invention may
detect wind noise with generally improved reliability because the determination is less
sensitive to the physics of the microphones.

In other embodiments of the present invention, the directivity pattern created
by the first and the second microphones is adjusted based on whether a noise
component is detected. |

In still other embodiments of the present invention, the cross correlation
coefficients are summed to generaté a spatial correlation sum, the first autocorrelation
coefficients are summed to generate a first autocorrelation sufn, and the second
autocorrelation coefficients are summed to generate a second autocorrelation sum.
The first autocorrelation sum and the spatial correlation sum are multiplied together to
generate a first correlation product and the second autocorrelation sum and the spatial
correlation sum are multiplied together to generate a second correlation product. A
determination is made whether at least one of the microphone signals includes a noise
component based on the first and sécond correlation products.

In further embodiments of the present invention, the first and second

correlation products are compared with a threshold value and a determination is made
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whether ot leact one of the microphone signals includes 2 noise component based on ar
least one of the comparisons.

In still turther embodiments of the present invention, the cross correlation
coefficients may be scaled and filtered before the spatial correlation sum is generated.
The first and second autocorrelation coefficients may be inverted, scaled, and filtered
before generating the first and second autocorrelation sums.

Although described above primarily with respect to method aspects of the
present invention, it will be understood that the present inver+ion may be embodied as

methods, electronic devices, and/or computer program products.

BRIEF DESCRIPTION OF THE DRAWINGS
Other features of the present invention will be more readily understood from
the following detailed description of specific embodiments thereof when read in
conjunction with the accompanying drawings, in which:
FIG. 1 is a block diagram that illustrates a mobile terminal in accordance with
embodiments of the present inventioﬁ;

" FIG. 2 is a block diagram that illustrates a signal processor that may be used

in electronic devices, such as the mobile terminal of FIG. 1, in accordance with

embodiments of the present invention; and
FIG. 3 is a flowchart that illustrates operations for detecting noise in

microphone signals in accordance with embodiments of the present invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
- While the invention is susceptible to various modifications and alternative

forms, specific embodiments thereof are shown by way of example in the drawings
and will herein be described in detail. It should be understood, however, that there is
no intent to limit the invention to the particulai forms disclosed, but on the cormtrary,
the invention is to cover all mddiﬁcations, equivalénts, and altematix}es falling within
the spirit and scope of the invention as defined by the claims. Like reference numbers
signify like elements throughout the description of the figures. It should be further
understood that the terms "comprises" and/or "comprising" when used in this
specification is taken to specify the presence of stated features, integers, steps,
operatidns, elements, and/or components, but does not preclude the presence or
addition of one or more other features, integers, steps, operations, elements,

components, and/or groups thereof.
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The peecent invention may be embodicd ag msthods, slecronic devices, and/or
computer program products. Accordingty, the present invention may be embodied in
hardware and/or in software (including firmware, resident software, micro-code; eic.).
Furthermore, the present invention may take the form of a computer program product

5  on acomputer-usable or computer-readable storage medium having computer-usable
or computer-readable program code embodied in the medium for use by or in
connection with an instruction execution system. In the context of this document, a
computer-usable or computer-readable medium may be any medium that can contain,
store, communicate, propagate, or transport the program for use by or in connection

10  with the instruction execution system, apparatus, or device. ‘

The computer-usable or computer-readable medium may be, for example but
not limited to, an electronic, magnetic, optical, electromagnetic, infrared, or
semiconductor system, apparatus, device, or propagation medium. More specific
examples (a nonexhaustive list) of the computer-readable medium would include the

15 following: an electrical connection having one or more wires, a portable computer
diskette, a random access memory (RAM), a read-only memory (ROM), an erasable
programmable read-only memory (EPROM or Flash memory), an optical fiber, and a -
compact disc read-only memory (CD-ROM). Note that the compﬁter—usable or
computer-readable medium could even be paper or another suitable medium upon

20  which the program is printed, as the program can be electronically captured, via, for
instance, optical scanning of the paper or other medium, then compiled, interpreted, or
otherwise processed in a suitable manner, if necessary, and then stored in a computer
memory.

The present invention is described herein in the context of detecting wind

25  noise in a mobile terminal. It will be understood, however, that the present invention
may be embodied in other types of electronic devices that incorporate multiple
microphones, such as, for example automobile speech recognition systems, hearing
aids, etc. Moreover, as used herein, the term "mobile terminal" may include a satellite
or cellular radiotelephone with or without a multi-line display; a Personal

30  Communications System (PCS) terminal that may combine a cellular radiotelephone
with data processing, facsimile and data communications capabilities; a PDA that can
include a radioteleplione, pager, Internet/intranet access, Web browser, organizer,
calendar and/or a global positioning system (GPS) receiver; and a conventional laptop
and/or palmtop receiver or other appliance that includes a radiotelephone transceiver.

35 Mobile terminals may also be referred to as "pervasive computing” devices.



WO 2004/008804 PCT/EP2003/006470

10

15

20

25

30

35

I cheuld be further undersiond that the present MvENTIon 1¢ Noi lmited 1o
detecting wind nolse. In gensral, the present inveation may be used o deiect nojse
that is relatively uncorrelated inspace, but relatively corrslated in time.

Referring now to FIG. 1, an exemplary mobile terminal 100, in-accordance
with some embodiments of the present invention, comprises at least two microphones
105 and 110, a keyboard/keypad 115, a speaker 120, a display 125, a transceiver 130,
and a memory 135 that communicate with a processor 140. The transceiver 130
coinprises a ‘zansmitter circuit 145 and a receiver circuit 150, which respectively
transmit outgoing radio frequency signals to base station transceivers and receive
incoming radio frequency signalé from the base station transceivers via an antenna
155. The radio frequency signals transmitted between the mobile terminal 100 and
the base station transceivers may comprise both traffic and control signals (e.g.,
paging signals/messagés for incoming calls), which are used to establish and maintain
communication with another party or destination. The radio frequency signals may
also comprise packet data information, such as, for example, cellular digital packet
data (CDPD) information. The foregoing components of the mobile terminal 100 may
be included in many conventional mobile terminals and their functionality is generally
known to those skilled in the art.

The processor 140 communicates with the memory 135 via an address/data

‘bus. The processor 140 may be, for example, a commercially available or custom

microprocessor. The memory 135 is representative of the one or more memory
devices containing the software and data used to determine achievable data rate
estimates, which may be communicated to a radio packet data system access network
for use in allocating baﬁdwidth in the radio packet data system, in accordance with
embodiments of the present invention. The memory 135 may include, but is not -
iimited to, the following types of devices: cache, ROM, PROM, EPROM, EEPROM,
flash, SRAM, and DRAM. .

As shown in FIG. 1, the mobile terminal 100 further comprises a signal
processor 160 that is responsive to output signals from the microphones 105 and 110
and is conﬁguréd to generate one or more output signals that are representative of
whether the mobile terminal is in a windy environmént or in a no-wind environment.
In particular, the signal processor may generate Cross correlation coefficients for the
two microphone signals,‘ which are representative of the spatial correlation of the
signals, and autocorrelation coefficients for each of the microphone signals, which are

representative of the correlation in time for each of the signals. In general, wind noise
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izaetaiively vncorrelaied gpaually, i relaiivel correinisd in time, In accordance
will soine elubodiments of the present nvemion, e signal processoy 108 s
configured to combine spatial correlation of the microphone signals with the time
-correlation of the microphone signals to generate one or more signals that are
indicative of whether the mobile terminal 100 iz in a windy environment or a no-wind
environment. Exemplary embodiments of the signal processor 160 are described
hereafter with respect to FIG. 2.

As shown in FIG. 1, the memory 135 may cortain up to two or more
categories of software and/or data: the operating system 165 and the wind detection
module 170. The operating system 165 generally controls th¢ operation of the mobile
terminal. In particular, the operating system 165 may manage the mobile terminal's
software and/or hardware resources and may coordinate execution of programs by the
processor 140. The wind detection module 170 may be configured to process one or
more signals output from the signal processor 160, which indicate whether the mobile
terminal 100 is in a windy environment or a no-wind environment, and to adjust the
directivity pattern created by the microphones 105 and 110 accordingly.

Although FIG. 1 illustrates an exemplary software and hardware architecture
that may be used to detect wind noise in a signal received by an eleétronic device,
such as a mobile terminal, it will be understood that the present invention is not
limited to such a conﬁguratioﬁ but is intended to encompass any configuration
capable of carrying out the operations déscribed herein.

Computer program code for carrying out operations of the wind detection
program module 165 and/or the signal processor 160 discussed above may be written
in a high-level programming language, such as C or C++, for developmeﬁt ‘
convenience. In addition, C(;mputer program code for carryiﬁg out operations of the
present invention may also be written in other programming languages, such as, but
not limited to, "inteq;)reted languages. Some modules or routines may be written in
assembly language or even micro-code to enhance performance and/or memory usage.
It will be further appreciated that the functionality of any or all of the program and/or
processing modules may also be implemented using discrete hardware components,
one or more application specific integrated circuits (ASICs), or a programmed digital
signal processor or microcbntroller.

Referring now to FIG. 2, an exemplary signal processor 200, in accordance
with some embodiments of the present invention, that may be used to implement the

signal processor 160 of FIG. 1 will now be described. The signal proceésor 200
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comprices a delay cnam 282 noving /7 delay slemenis, a correlation unmit 234, 4 s calling
unit 245, 8 low pase fiter 220, and & cummanion veii 225 that are connecicd in scics
1o form a syztem for gencrating cross correlation costficients and a spatial correlation
sum for two microphone signals, which is representative of the spatial correlation of
the signals. The signal processor 200 further comprises a delay chain 230 having N
delay elements, an autocorrelation unit 235, an inversion unit 240, a scaling unit 245,
a low pass filter 250, and a summation unit 235 that are connected in series to form a
system for generating autocorrelation coefficients and an autocorrelation sum for one
of the microphone signals, which is representative of the correlation in time of the
microphone signal.

The foregoing components of the signal processor 200 will now be described
in more detail. The delay chain 205 is responsive to a first microphone signal and
generates delayed samples of the first microphone signal (microphone 1 signal), '
which are provided to the correlation unit 210 along with the original first microphone
signal (microphone 1 signal). In particular embodiments, the delay chain 205 may
weight the samples, such that newer samples are Weighted'greater than the older
samples. The correlation unit 210 also receives the output signal from a second
microphone (microphone 2 signal). If the first microphone signal (microphone 1
signal) is given by s, and the second microphone signal (microphone 2 signal) is given
by s,, and the number of delay elements is N, then the correlation unit 210 generates
cross correlation coefficients R,,() at lag k according to Equation 1 set forth hereafter:

Ry = ;sm)sl(m) ‘ BQ. 1
The scaling unit 215 scales the cross correlation coefficients, which are representative
of the spatial correlation of the two.microphoﬁe signals, and the scaled cross
correlation coefficients are provided to the low pass filter 220 for smoothing. The low
pasé filter 220 may be embodied as an autoregressive filter in which the output is
based on a weighted sum of previous input values. The summation unit 225 generates
a spatial correlation sum by adding the coefficients output from the low pass filter
220. '

Similarly, the delay chain 230 is responsive to a second microphone signal
(microphone 2 signal) and generates delayed samples of the second microphone signal
(microphone 2 signal), which are provided to the autocorrelation unit 235 along with
the original second microphone signal (microphone 2 signal). In particular

embodiments, the delay chain 230 may weight the samples, such that newer samples
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are weighted grester than the older sampies. If the second microphone sigual
(microphone 2 signzl) 12 siven by o, and the number of deiay eiemenis is /¥, then te
aufocorrelation unit 235 generates autocorrelation coefficients £, () at lag & according
to Equation 2 sst forth hereafter:
. 1
Ryp(B)=—— ) s,(n)s,(n+Fk) EQ.2
N-Fk o
An inversion unit 240 inverts the autocorrelation coefficients. This is because wind
noise-is relatively uncorrelated spatially, but relatively correlated in time. Thus, to
combine the results from the cross correlation and autocorrelation signal analyses and
compare the result with a single threshold, the autocorrelation coefficients are inverted
so that a higher correlation will result in lower autocorrelation coefficient values

output from the inversion unit 240. The scaling unit 245 scales the autocorrelation

coefficients, which are representative of the correlation in time of the second

microphone signal, and the scaled autocorrelation coefficients are provided to the low
pass filter 250 for smoothing. The low pass filter 250 may be embodied as an
autoregressive filter in which the output is based on a weighted sum of previous input
values. The summation unit 225 generates an autocorrelation sum by adding the
coefficients output from the low pass filter 250. 4

A multiplication unit 260 is coupled to the two summation units 225 and 255
and multiplies the spatial correlation sum output by the summation unit 225 By the
autocorrelation sum output by the summation unit 255 to generate a correlation
product. A comparator 265 is coupled to the multiplication unit 260 and compares the
correlation product output by the multipliéation unit 260 with a threshold valué. The
result of this comparison is provided to a processor, such as the processor 140 of FIG.
1 where it is then processed by the wind detection module 170 (see FIG. 1).

For purposes of illustration, FIG. 2 illustrates only those components for
compﬁting the autocorrelation coefficients and autocorrelation sum for the second
microphone signal and the cross correlation coefficients and spatial correlation sum
for both the first and second microphone signals. It should be understood that a third
set of components corresponding to the autocorrelation unit 235, inversion unit 240,
scaling unit 245, low pass filter 250, and summation unit 255 may be provided to
cooperate with the delay chain 205 to generate autocorrelation coefficients and an
autocorrelation sum for the first microphone signal. Another multiplication unit and
comparator, similar to the multiplication unit 260 and the comparator 265 may be

used to generate another correlation product based on the autocorrelation sum
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acsociated rith the first mizropnone signal and a second cotnparizon vesuil, which is

also proviged to the proccssor, auch as the processor 140 of FIG. 1. in this manner.
“the prescnt invention may be extended to embodiments of electronic devices
comprising two or more microphones.

Although FIG. 2 illustrates an exemplary software and/or hardware
architecture of a signal processor that may be used to detect wind noise in sound
waves received by an electronic device, such as a mobile terminal, it will be
understood that the present invention is not lirted to such a configuration but is
intended to encompass any configuration capable of carrying out the operations
described herein.

The present invention is described hereinafter with reference to flowchart
and/or block diagram illustrations of methods, electronic devices, and computer
program products in accordance with some embodiments of the invention. These
flowchart and/or block diagrams further illustrate exemplary operations of the mobile
terminal and signal processor architectures of FIGS 1 and 2. It will be understood
that each block of the flowchart and/or block diagram illustrations, and combinations |
of blocks in the flowchart and/or block diagram illustratibns, may be implemented by
computer program instructions and/or hardware operations. These computer program
instructions may be provided to a processor of a general purpose computer, a sﬁecia,l
purpose computer, or other programmable data ‘processing apparatus to produce a
machine, such that the instructions, which execute via the processbr of the computer
or other programmable data processing apparatus; create means for implementing the
functions specified in the flowchart and/or block diagram block or blocks.

- These computer program' instructions may also be stored in a.computer usable

" or computer-readable memory that may direct a computer or other pro grammable data

processing apparatus to function in a particular manner, such that the instructions
stored in the computer usable or computer-readable memory produce an article of
manufacture including instructions that implement the function specified in the
flowchart and/or block diagram block or blocks. 4

The computer program instructions may also be loaded onto a computer or
other programmable data processing apparatus to cause a series of operational steps to
be performed on the computer or other programmable apparatus to produce a
computer implemented process such that the instructions that execute on the computer
ot other programmable apparatus provide steps for implementing the functions

specified in the flowchart and/or block diagram block or blocks.
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Peterrng now 1o Fivs, 5, operations begmn at bloch 366 whers he cross
correiation coefficients sor firzr and second microphoiie signals, such zs signals output
from microphones 105 and 110, are determined. At block 305, autocorrelation
coefficients are determined for the first and second microphone signals, respectively.
The cross correlation coefficients are scaled and filtered at block 310 and the
autocorrelation coefficients for the respective first and second microphone signals are
inverted, scaled, and filtered at block 315.

The cross correlation coefficients are summed at block 320 to generate a
spatial correlation sum and the autocorrelation coefficients are summed at block 325

to generate respective autocorrelation sums for the first and second microphone

signals. At block 330, the autocorrelation sum for the first microphone signal and the

spatial correlation sum are multiplied together to generate a first correlation product
and the autocorrelation sum for the second microphone signal and the spatial
correlation sum are multiplied together to generate a second correlation product.

A determination is then made at block 340 whether either of the first or second
correlation products exceeds a threshold value. The wind detection module 170 (see
FIG. 1) may perform this operation by processing a pair of signals output from the
signal processor 160. A first signal corresponds to an output of the comparator 265 of
FIG. 2 in which the second correlation product is compared with a threshold value
and a second signal corresponds to an output of a second comparator (not shown) in
which the first correlation product is compared with the threshold.

_If either the first or the second correlation products exceeds the threshold
value, then the wind detection module 170 may determine that no wind noise has been
detected in the sound waves received by the micfophones 105 and 110 at block 345..
If, however, néither of the first and second correlation products exceeds the threshold,

then the wind detection module 170 may determine that wind noise has been detected

- in the sound waves received by the microphones 105 and 110 at block 350. In

particular embodiments, hysteresis may be used such that wind noise is not detected
unless the first and second correlation products exceed the threshold by a
predeterminéd value. Sirhilarly, absence of wind may not be detected after a windy
environment has been detected unless the threshold exceeds the first and second |

correlation products by a predetermined value. The wind detection module 170 may

-then adjust the directivity pattern created by the microphones 105 and 110 according

to whether the mobile terminal 100 is determined to be'in a windy environment or in a

no-wind environment. Additional signal processing may also be performed to reduce

10
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the efiizcis of wind noiss if the mohilc terminal 108 15 determined i be in o windy
enviromnent, in accordance with some embodiments of (he present by vaniion

In other smbodiments of the present invention, the wind detzction module 1760
may determine the presence of wind noise in received sound waves if at least one of
the correlation products fails to exceed the threshold, rather than requiring both
correlation products to fail to exceed the threshold. In further embodiments, when

more than two microphones are used, the wind detection module 170 may determine

--wind noise is detected if a particular percentage of correlation products fail to exceed

the threshold.

Advantageously, embodiments of the present invention use the properties that
wind noise is relatively uncorrelated in space, but relatively correlated in time. These
two properties may be represented by cross correlation coefficients for multiple
microphone signals and autocorrelation coéfficients for the individual microphone
signals, respectively. Recall that, in addition to wind noise, other noise signals may
also be uncorrelated or inverse correlated in space. By combining both a cross
correlation coefficient analysis and an autocorrelation coefficient analysis,
embodiments of the present invention may detect wind noise with generally improved
reliability because the determination is less sensitive to the physics of the
microphones. | \

The flowchart of FIG. 3 illustrates the architecture, functionality, and
operations of embodiments of the mobile terminal 100 hardware and/or software. In
this regard, each block represents a module, segment, or portion of code, which
comprises one or more executable instructions for implementing the specified logical
function(s). It should also be noted that in other implementations, the function(s)
noted in the blocks may occur out of the order noted in FIG. 3. For example, two
blocks shown in succession may, in fact, be executed substantially concurrently or the
blocks may sometimes be executed in the reverse order, depending on the
functionality involved.

Many variations and modifications can be made to the preferred embodiments
without substantially departing from the principles of the pfesent invention. All such
variations and modifications are intended to be included herein within the scope of the

present invention, as set forth in the following claims.

11
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1 ¢laim:

1. A method of operating an electronic device, comprising:

generating a first microphone signal via a first microphone;

generating a second microphone signal via a second microphone;

determining cross correlation coefficients for the first and the second
microphone signals; r

determining first autocorrelation coefficients for the first microphone signal,

determining second autocorrelation coefficients for the second microphone
signal; and |

determining the presence of a noise component of at least one of the first and
second microphone signals based on the cross correlation coefficients, the first

autocorrelation coefficients, and the second autocorrelation coefficients.

2. The method of Claim 1, further comprising:
adjusting a directivity pattern created by the first and second microphones

based on the presence of the noise component.

3. The method of Claim 1, wherein determining the presence of the noise
component comprises:

summing the cross correlation coefficients to generate a spatial correlation
.sum; :

surﬁmingthe first autocorrelation coefficients to generate a first
autocorrelation sum;

summing the second autocorrelation coefficients to generate a second
autocorrelation sum;

multiplying the first autocorrelation sum by the spatial correlation sum to
generate a first correlation product;

multiplying the second autocorrelation sum by the spatial correlation sum to
generate a second correlation product; and

determining the pfesence of the noise component based on the first and second

correlation products.

12
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4. The mcihod of Jlam 2, wherain gseiining e pregence of e noiss

componeni bazcd on the firet and second correlaton producis, comprisia:
comparing the firsi correlation product with a threshold value;
comparing the second correlation product with the threshold value; and
determining if the audio signal comprises the wind noise signal based on at

least one of the first and the second correlation products differing from the threshold

value by a predetermined value.

5. The method of Claim 3, further comprising wherein generating the
spatial correlation sum, the first antocorrelation sum, and the second autocorrelation
sum is preceded by:

scaling the cross correlation coefficients;

filtering the scaled cross correlation coefficients;

inverting the first and second autocorrelation coefficients;

scaling the inverted first and second autocorrelation coefficients; and

filtering the scaled first and second autocorrelation coefficients.

6. The method of Claim 1, wherein the electronic device comprises a -

mobile terminal.
7. The method of Claim 1, wherein the noise is wind noise.

8. An electronic device, comprising:

a first microphone that is configured to generate a first micfophone signal;

a second micrbphone that is configured to generate a second microphone
signal;

a correlation unit that is configured to generate cross correlation coefficients
responsive to the first and second nﬁicrophone signals;

a first autocorrelation unit that is configured to generate first autocorrelation
coefficients responsive to the first microphone signal;

a second autocorrelaﬁon unit that is configured to generate second
autocorrelation coefficients responsive to the second miérophone signal; and

a processor that is configured to determine the presence of a noise component

of at least one of the first and second microphone signals responsive to the cross

13
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9. The electronic device of Claim 8, wherein the processor is further
configured to adjust a directivity pattern created by the first and second microphones

based on the presence of the noise component.

10.  The electronic device of Claim 8, further comprising:

a first summation unit that is configured to generate a spatial correlation sum
responsive to the cross correlation coefficients;

a second summation unit that is configured to generate a first autocorrelation
sum responsive to the first autocorrelation coefficients;

a third summation unit that is configured to generate a second autocorrelation
sum responsive to the second autocorrelation coefficients;

a first multiplication unit that is cbnﬁgured to generate a first correlation
product responsive to the first autocorrelation sum and the spatial correlation sum;

-a second multiplication unit that is configured to generate a second correlation
product resp})nsive to the second autocorrelation sum and the spatial correlation sum;
and |

wherein the processor is further configured to determine the presence of the

noise component responsive to the first and second correlation products.

11.  The electronic device of Claim 10, further comprising:

a first comparator that is configured to generate a first output signal responsive
to the first correlation product and a threshold value;

a second comparator that is configured to generate a second output signal
responsive to the second correlation product and the threshold value; and

wherein the processor is further conﬁgured to determine the presence of the

noise component responsive to at least one of the first and the second output signals.

12.  The electronic device of Claim 10, further comprising:
a first scaling unit and a first filter that are coupled in series between the
correlation unit and the first summation unit and being responsive to the cross

correlation coefficients;

14
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3 first inveroion unit, 2 second scaling unit, and a cecond Tilver that are coupied
in series between the firsi autocorrelation unii and the second smminaiion unit and
being responcive io the first autocorrelation cocificisnts; and

a second inversion unit, a third scaling unit, and a third filter that are coupled
in series between the second autocorrelation unit and the third summation unit and

being responsive to the second autocorrelation coefficients.

13.  The electronic deice of Claim 8, further comprising:

a first delay element chain coupled between the first microphone and the
correlation unit that is configured to generate a first plurality of delayed signal
samples responsive to the first microphone signal, the correlation unit being
responsive to the first plurality of delayed signal samples and the second microphone
signal; and _

a second delay element chain coupled between the second microphone and the
second autocorrelation unit that is configured to generate a second plurality of delayed
signal samples responsive to the secqnd microphone signal, the second autocorrelation

unit being responsive to the second plurality of delayed signal samples.

14.  The electronic device of Claim 8, wherein the first delay element chain
is configured to weight newer ones of the first plurality of delayed signal samples
greater than older ones of the first plurality of delayed signal samples, and wherein the
second delay element chain is configured to weight newer ones of the second plurality
of delayed signal samples greater than older ones of the second plurality of delayed

signal samples.

15.  The electronic device of Claim 8, wherein the electronic device

comprises a mobile terminal.
16.  The method of Claim 8, wherein the noise is wind noise.

17.  An electronic device, comprising:
means for generating a first microphone signal;
means for generating a second microphone signal;
~ means for determining cross correlation coefficients for the first and the

second microphone signals;
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microphons signal;

means for determining second antocorielation cocfficients for the second
microphone signal; and

means for determining the presence of a noise component of at least one of the
first and second microphone signals based on the cross correlation coefficients, the

first antocorrelation coefficients, and the second autocorrelation coefficients.

18.  The electronic device of Claim 17, further comprising:
means for adjusting a directivity pattern created by the first and second

microphones based on the presence of the noise component.

19.  The electronic device of Claim 17, wherein the means for determining
the presence of the noise component comprfses: ‘
means for summing the cross correlation coefficients to generate a spatial
corrélation sum;

means for summing the first autocorrelation coefficients to generate a first

. autocorrelation sum;

means for summing the second autocorrelation coefficients to generate a
second autocorrelation sum,;

means for multiplying the first autocorrelation sum by the spatial correlation
sum to generafe a first correlation product; '

means for multiplying the second autocorrelation sum by the spatial
correlation sum to generflte a second correlation product; and ‘

means for detenni}ling the presence of the noise component based on the first

and second correlation products.

20. The electronic device of Claﬁn 19, wherein the means for determining
the presence of the noise component based on the first and second correlation
products, comprises:

means for comparing the first correlation product with a threshold value;

means for comparing the second correlation product with the threshold value;

and
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mearic for determirdng the presence of ing noics componeant based on at isasi
one of the first and ihe second corrclation products differing from e threshoid value

by a predetermined value.

21.  The electronic device of Claim 19, further comprising:

means for scaling the cross correlation coefficients;

means for filtering the scaled cross correlation coefficients;

means for inverting the first and second autocorrelation coefficients;

means for scaling the inverted first and second autocorrelation coefficients;
and

means for filtering the scaled first and second autocorrelation coefficients;

‘the means for summing the cross correlation coefficients being responsive to
the means for filtering the scaled cross correlation coefficients, and the means for
summing the first autocorrelation coefﬁcients, and means for summing the second
autocorrelation coefficients being responsive to the means for filtering the scaled first

and second autocorrelation coefficients.

22.  The electronic device of Claim 1 7, wherein the electronic device

comprises a mobile terminal.
23.  The electronic device of Claim 17, wherein the noise is wind noise.

24. A computer program product configured to operate an electronic
device, comprising: ‘
a computer readable storage medium having computer readable program code
embodied therein, the computer readable program code comprising:
computer readable program code for generating a first microphone
signal; '
computer readable program code for generating a second microphone
signal;
computer readable program code for determining cross correlation
coefficients for the first and the second microphone signals;
computer readable program code for determining first autocorrelation

coefficients for the first microphone signal;
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compuier readable program cods for dgrermining sscond

“antocorrelation coefficients for the second microphone signal; and

computzr readable program code for dstermining the presence of'a
noise component of at least one of the first and second microphone signals based on
the cross correlation coefficients, the first autocorrelation coefficients, and the second

autocorrelation coefficients.

25.  The compniter program product of Claim 24, further comprising:
computer readable program code for adjusting a directivity pattern created by

the first and second microphones based on the presence of the noise component.

26.  The computer program product of Claim 24, wherein the computer
readable program code for determining the presence of the noise component
comprises:

computer readable program code for summing the cross correlation

coefficients to generate a spatial correlation sum;

computer readable program code for summing the first autocorrelation
coefficients to generate a first autocorrelation sum;

computer readable program code for summing the second autocorrelation
coefficients to generate a second autocorrelation éum;

computer readable program code for multiplying the first autocorrelation sum
by the spatial correlation sum to generate a first correlation product; |

computer readable program code for multiplying the second autocorrelation
sum by the spatial correlation sum to generate a second correlation product; and

computer readable program code for determining the presence of the noise -
component based on the first and second correlation products.

27.  The computer program product of Claim 26, wherein the computer
readable program code for determining the presence of the noise component based on
the first and second correlation products, comprises:

- computer readable program code for comparing the first correlation product
with a threshold value;

computer readable program code for comparing the second correlation product
with the threshold value; and

18
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component based on al least one of the first and the sécond correlation produdis

differing from the threshold value by a predetermined value,

28.  The computer program product of Claim 26, further comprising:

computer readable program code for scaling the cross correlation coefficients;

computer readable program code for filtering the scaled cross correlation
coefficients;

computer readable program code for inverting the first and second
autocorrelation coefficients; '

computer readable program code for scaling the inverted first and second
autocorrelation coefficients; and

computer readable program code for filtering the scaled first and second
autocorrelation coefficients;

the computer readable program code for summing the cross correlation
coefficients being responsive to the computer readable program code for filtering the
scaled cross correlation coefficients, and the computer readable program code for
summing the first autocorrelation coefficients, and computer readable program code
for summing the second autocorrelation coefficients being responsive to the computer -
readable program code for filtering the scaled first and second autocorrelation

coefficients.

29.  The computer program product of Claim 24, wherein the noise is wind

noise.
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