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EP 2 360 686 B9
Description

CROSS-REFERENCE TO RELATED PATENT APPLICATION

[0001] This application claims priority from Korean Patent Application No. 10- 2010- 0008049, filed on January 28,
2010, in the Korean Intellectual Property Office.

BACKGROUND
1. Field

[0002] Methods and apparatuses consistent with the exemplary embodiments relate to a signal processing method
and apparatus, and more particularly, to a stereo audio signal processing method and apparatus which improves the
articulation of a speech signal included in an audio signal by using harmonics.

2. Description of the Related Art

[0003] As devices for outputting an audio signal tend to be slim and compact, sound quality deterioration of a speech
signal included in the audio signal further worsens. When the speech signal includes noise or a performance signal such
as the sound of a musical instrument, the speech signal is difficult to hear due to the noise or the performance signal.
Therefore, a method of amplifying a speech signal is required.

[0004] Generally, human ears do not perceive sounds of all frequencies as having equal loudness. That is, for signals
of an identical magnitude, the human ears perceive a signal of a particular frequency as being loud and do not perceive
a signal of another particular frequency as being loud. Accordingly, there is a need for a method of amplifying a speech
signal considering auditory characteristics of humans.

[0005] Document WO 2004/093494 describes a technique for performing bandwidth extension of the decoded mono
signal and addition thereto before generating the stereo components at the decoder. Document US 4866774 discloses
boosting of the central components of a stereo sum signal.

SUMMARY

[0006] The invention is defined by the appended claims.

[0007] The exemplary embodiments provide a method and apparatus for amplifying a speech signal by generating a
harmonic component in a human-sensitive frequency band that humans can hear best, based on a signal of a frequency
band in which speech signals are distributed as a fundamental wave.

[0008] The exemplary embodiments also provide a method and apparatus for predicting a ratio of a speech signal
included in a stereo signal and adjusting a magnitude of the speech signal by using the predicted ratio.

[0009] According to an aspect of the exemplary embodiments, there is provided a signal processing method including
extracting a first signal having a first frequency band from a sum signal of a left signal and a right signal, generating a
second signal having a second frequency band by using the first signal, generating a third signal by using the first signal
and the second signal, and applying a gain, generated with a ratio of a center signal included in the sum signal, to the
third signal.

[0010] In an exemplary embodiment, the generating of the second signal may include generating harmonics for a
fundamental wave by using the first signal as the fundamental wave, and generating a signal included in the second
frequency band among the harmonics as the second signal. The signal processing method may further include applying
a weight filter to the second signal.

[0011] The generating of the second signal may include dividing the first signal into signals of N frequency bands and
extracting a signal of an Mth frequency band from among the signals of the N frequency bands, N being a natural number
greater than 2 and M being a natural number less than or equal to N, generating harmonics by using the signal of the
Mth frequency band as a fundamental wave, extracting harmonics included in the Mt frequency band among N frequency
bands included in the second frequency band from among the generated harmonics, and generating the second signal
by adding harmonics extracted from each of the N frequency bands included in the second frequency band when each
of the signals of the N frequency bands of the first signal is used as a fundamental wave. The signal processing method
may further include applying a weight filter to the second signal.

[0012] The applying of the weight filter may include applying a weight filter having a separate weight for each of the
N frequency bands included in the second frequency band, and the weight filter has a relatively small weight for a high-
frequency band, the weight being a real number not less than 0 and not more than 1. The applying of the weight filter
may include applying a frequency weight filter having a relatively small weight for a high frequency, the weight being a
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positive real number not more than 1.

[0013] The generating of the third signal may include time-delaying the first signal, and generating the third signal by
adding the second signal filtered by the weight filter to the time-delayed first signal. The applying of the gain may include
calculating a sum signal and a difference signal of the left signal and the right signal on each frame basis; calculating a
ratio of the difference signal to the sum signal and calculating a ratio of the center signal included in the sum signal by
using the ratio of the difference signal on each frame basis; and generating a product of the ratio of the center signal
and K as a gain for each frame, K being a positive real number.

[0014] The calculating of the ratio of the center signal may include normalizing the ratio of the difference signal included
in the sum signal and subtracting the normalized ratio from 1, thereby calculating the ratio of the center signal. The
applying of the gain may include applying a gain obtained for each frame to the third signal on a frame basis. The signal
processing method may further include time-delaying the left signal and the right signal and generating a new left signal
and a new right signal by adding the signal to which the gain was applied to each of the time-delayed left signal and the
time-delayed right signal. The second frequency band may have frequency values greater than those of the first frequency
band. The second frequency band may have a size that is twice the size of the first frequency band.

[0015] According to another aspect of the exemplary embodiments, there is provided a signal processing apparatus
including a first signal extracting unit for extracting a first signal having a first frequency band from a sum signal of a left
signal and a right signal, a gain generating unit for generating a gain by using a ratio of a center signal included in the
sum signal, and an extension signal generating unit for generating a second signal having a second frequency band by
using the first signal, generating a third signal by using the first signal and the second signal, and applying the gain to
the third signal.

[0016] According to another aspect of the exemplary embodiments, there is provided a computer-readable recording
medium having embodied thereon a program for executing a signal processing method, the signal processing method
including extracting a first signal having a first frequency band from a sum signal of a left signal and a right signal,
generating a second signal having a second frequency band by using the first signal, generating a third signal by using
the first signal and the second signal, and applying a gain, generated by using a ratio of a center signal included in the
sum signal, to the third signal.

[0017] According to the exemplary embodiments, a method and apparatus for amplifying a speech signal by extending
the speech signal to a human-sensitive frequency band is provided.

[0018] Moreover, according to the exemplary embodiments, a method and apparatus for adjusting the magnitude of
a speech signal based on a ratio of the speech signal included in a stereo signal is provided.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The above and otheraspects will become more apparent by describing in detail exemplary embodiments thereof
with reference to the attached drawings in which:

[0020] FIG. 1 is a view for explaining a signal processing method according to an exemplary embodiment;

[0021] FIG. 2 is a diagram of a signal processing apparatus according to an exemplary embodiment;

[0022] FIG. 3 is a diagram of an extension signal generating unit shown in FIG. 2, according to an exemplary embod-
iment;

[0023] FIG. 4 is a graph showing an example where the extension signal generating unit shown in FIG. 3 generates
a signal of a second frequency band by using a signal of a first frequency band and applies a weight to the signal of the
second frequency band;

[0024] FIG. 5 is a flowchart for describing that the signal processing apparatus shown in FIG. 2 amplifies a speech
signal, according to an exemplary embodiment;

[0025] FIG. 6 is a flowchart for describing in more detail an operation of generating a second signal having a second
frequency band, shown in FIG. 5, according to an exemplary embodiment;

[0026] FIG. 7 is a flowchart for describing in more detail an operation of applying a gain, generated by using a ratio
of center signal included in a sum signal, to a third signal, shown in FIG. 5, according to an exemplary embodiment; and
[0027] FIG. 8 shows spectrograms for explaining that a speech signal is amplified according to the exemplary embod-
iments.

DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENTS

[0028] Hereinafter, an exemplary embodiment will be described in detail with reference to the accompanying drawings.
[0029] FIG. 1 is a view for explaining a signal processing method according to an exemplary embodiment. In FIG. 1,
the lower graph shows equal-loudness contours. In the lower graph, a horizontal axis indicates frequency and a vertical
axis indicates soundness pressure level (SPL).

[0030] Human ears cannot perceive sounds of all frequencies as having equal loudness. An equal-loudness contour
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is a curve which ties up sound pressure levels that humans feel as having equal loudness with respect to frequency. In
an equal-loudness contour, a low sound pressure means that humans are sensitive to a signal of a corresponding
frequency band and a high sound pressure level means that humans are not sensitive to a signal of a corresponding
frequency band.

[0031] Generally, human speech signals are distributed in a frequency band of about 340Hz to 3- 4 KHz. However,
as can be seen from the equal loudness contours shown in FIG. 1, a frequency band where speech signals are distributed
does not completely match a frequency band to which humans are sensitive. That is, no speech signals are distributed
in a frequency band of about 3- 4KHz to 7- 8KHz in the human- sensitive frequency band. In the equal- loudness contour
graph shown in FIG. 1, such a frequency band where no speech signals are distributed in the human- sensitive frequency
band is assumed to range from 4KHz to 8KHz and is indicated by reference numeral 100.

[0032] In FIG. 1, the upper graph is intended to explain generating a new signal in the frequency band 100 where no
speech signals are distributed in the human-sensitive frequency band, by using a speech signal. In the upper graph
shown in FIG. 1, a horizontal axis indicates frequency and a vertical axis indicates speech signal energy.

[0033] In the upper graph shown in FIG. 1, a speech signal is assumed to be present in a frequency band of below
4KHz for the sake of convenience. However, such an assumption is merely an example, and the speech signal may be
assumed to be present in another frequency band, for example, a frequency band of 350HZ to 3.5KHz.

[0034] In the upper graph shown in FIG. 1, an arrow points to the right with respect to the frequency band where a
speech signal is located. This arrow means that a new signal is generated to the right with respect to the frequency band
where a speech signal is located, that is, in a frequency band higher than the frequency band where a speech signal is
located. In other words, in an exemplary embodiment, in a frequency band, which is included in the human-sensitive
frequency band, but does not overlap with the frequency band where a speech signal is located, for example, the
frequency band 100 of 4KHz to 8KHz, a new signal is generated and is used together with the original speech signal.
[0035] Accordingto the current exemplary embodiment, by generating the new signalin the human-sensitive frequency
band and using the new signal and the speech signal as a new speech signal, the frequency band of the speech signal
can be extended to a frequency band based on auditory characteristics of humans.

[0036] FIG. 2 is a diagram of a signal processing apparatus 200 according to an exemplary embodiment. Referring
to FIG. 2, the signal processing apparatus 200 includes a sum signal generating unit 210, a difference signal generating
unit 230, a first signal extracting unit 220, an extension signal generating unit 250, a gain generating unit 240, a left
signal time delaying unit 260, a right signal time delaying unit 270, and stereo signal generating units 280 and 290.
[0037] The sum signal generating unit 210 generates a sum signal by adding a left signal Lin and a right signal Rin
which form a stereo signal. The sum signal generating unit 210 outputs the generated sum signal to the first signal
extracting unit 220 and the gain generating unit 240.

[0038] The difference signal generating unit 230 generates a difference signal by subtracting the right signal Rin from
the left signal Lin or subtracting the left signal Lin from the right signal Rin. The difference signal generating unit 230
outputs the difference signal to the gain generating unit 240.

[0039] The firstsignal extracting unit 220 extracts a first signal having a first frequency band from the sum signal output
from the sum signal generating unit 210. In an exemplary embodiment, the first frequency band may be a frequency
band where a speech signal is located, and the first signal may be a signal of the sum signal, which is located in the
frequency band where a speech signal is located. The first frequency band may be preset in the signal processing
apparatus 200. For example, in the signal processing apparatus 200, the first frequency band may be previously set to
be from 2KHz to 4KHz.

[0040] The first signal extracting unit 220 extracts the first signal located in the first frequency band and outputs the
extracted first signal to the extension signal generating unit 250.

[0041] The gain generating unit 240 generates a gain by using the sum signal output from the sum signal generating
unit 210 and the difference signal output from the difference signal generating unit 230. The gain generating unit 240
calculates a ratio of the difference signal included in the sum signal by dividing the difference signal by the sum signal,
and calculates a ratio of a center signal included in the sum signal by using the ratio of the difference signal.

[0042] The center signal refers to a signal which is included identically both in the left signal Lin and the right signal
Rin. Generally, a speech signal is the center signal because of being included identically both in a left signal and a right
signal.

[0043] The gain generating unit 240 generates the ratio of the center signal as a gain or generates a product of the
ratio of the center signal and a correction factor as a gain. The gain generating unit 240 outputs the gain to the extension
signal generating unit 250.

[0044] The extension signal generating unit 250 generates a second signal having a second frequency band by using
the first signal having the first frequency band. In an exemplary embodiment, the second frequency band may be a
frequency band which does not overlap with the first frequency band included in a human-sensitive frequency band
based on the equal-loudness contours.

[0045] The extension signal generating unit 250 may compare sound pressure levels of the equal-loudness contours
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with a predetermined threshold and set a frequency band which does not overlap with the first frequency band among
frequency bands having lower sound pressure levels than the predetermined threshold as the second frequency band.
In another embodiment, the second frequency band may be preset in the signal processing apparatus 200. For example,
in the signal processing apparatus 200, the second frequency band may be previously set to be from 4KHz to 8KHz
[0046] The extension signal generating unit 250 generates harmonics having a frequency which is a multiple of a
fundamental wave by using the first signal as the fundamental wave. For a fundamental wave, Lth-order harmonics
having a frequency which is L times a frequency of the fundamental wave. Herein, L is a natural number greater than
2. The extension signal generating unit 250 extracts harmonics included in the human-sensitive frequency band, that
is, the second frequency band, from among the Lt"-order harmonics generated for the fundamental wave, and generates
the extracted harmonics as the second signal.

[0047] The extension signal generating unit 250 may process the first frequency band where the first signal is located
as a single band, and may divide the first frequency band into N frequency bands and generate harmonics by using
signals of the N frequency bands as fundamental waves. Herein, N is a natural number greater than 2. In this case, the
extension signal generating unit 250 may extract harmonics included in a predetermined frequency band from among
harmonics generated by using a signal of a predetermined frequency band as a fundamental wave, and add the extracted
harmonics together, thereby generating the second signal. This will be described in more detail with reference to FIG. 3.
[0048] The extension signal generating unit 250 generates a new speech signal by adding the first signal and the
second signal. The extension signal generating unit 250 applies the gain output from the gain generating unit 240 to a
signal which is a sum of the first signal and the second signal. As discussed above, since the gain indicates the ratio of
the center signal included in the stereo signal, the more the center signal is included in the stereo signal, the greater the
gain becomes, whereby the signal which is the sum of the first signal and the second signal also increases. On the other
hand, the less the center signal is included in the stereo signal, the less the gain becomes, whereby the signal which
is the sum of the first signal and the second signal also decreases.

[0049] The extension signal generating unit 250 outputs the gain-applied signal to the stereo signal generating units
280 and 290.

[0050] The left signal time delaying unit 260 and the right signal time delaying unit 270 respectively delay the left signal
Lin and the right signal Rin by predetermined times. The left signal time delaying unit 260 and the right signal time
delaying unit 270 correct a time delay in the signal processing apparatus 200 to prevent an out-of-phase phenomenon
during signal mixing of the stereo signal generating units 280 and 290. The stereo signal generating units 280 and 290
generate a new stereo signal including a new left signal Lout and a new right signal Rout by adding the gain-applied
signal to the time-delayed left signal Lin and the time-delayed right signal Rin.

[0051] As such, according to an exemplary embodiment, by generating harmonics for a speech signal in the human-
sensitive frequency band, the speech signal can be heard clearly.

[0052] According to an exemplary embodiment, a gain is generated by using a ratio of the center signal included in
the stereo signal and the generated gain is applied to the first signal and the second signal, thereby adjusting the
magnitude of a signal based on the ratio of the speech signal included in the stereo signal.

[0053] FIG. 3 is a diagram of the extension signal generating unit 250 shown in FIG. 2, according to an exemplary
embodiment. Referring to FIG. 3, the extension signal generating unit 250 includes a first signal time delaying unit 310,
a first filtering unit 320, a second filtering unit 350, a first harmonic generating unit 330, a second harmonic generating
unit 360, a first weight filtering unit 340, a second weight filtering unit 370, and a signal adding unit 380.

[0054] Thefirst signal time delaying unit 310 corrects a time delay in the extension signal generating unit 250 to prevent
an out-of-phase phenomenon when the signal adding unit 380 adds signals filtered by the first weight filtering unit 340
and the second weight filtering unit 370 to the first signal.

[0055] The extension signal generating unit 250 includes two filtering units, namely, the first filtering unit 320 and
second filtering unit 350, but the exemplary embodiments are not limited thereto, and the extension signal generating
unit 250 may include one or more filtering units. The filtering units may be band pass filters (BPF) that extract a signal
of a predetermined frequency band. Herein, N is a natural number greater than or equal to 2. If the extension signal
generating unit 250 includes a plurality of filtering units, the number of harmonic generating units (or weight filtering
units) included in the extension signal generating unit 250 is the same as the number of filtering units.

[0056] If N filtering units are included in the extension signal generating unit 250, the N filtering units respectively
extract signals from N frequency bands divided from the first frequency band, that is, the N frequency bands, each having
a size of 1/N times the first frequency band. In other words, an Mt filtering unit from among the N filtering units extracts
a signal from an Mth frequency band of N frequency bands when the first frequency band is divided into N frequency
bands. Herein, M is a natural number less than or equal to N.

[0057] The N harmonic generating units generate harmonics by using the signals extracted from the N frequency
bands by the N filtering units as fundamental waves. That is, an Mth harmonic generating unit from among the N harmonic
generating units generates harmonics by using a signal extracted from the Mt frequency band included in the first
frequency band as a fundamental wave.
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[0058] The N weight filtering units respectively extract harmonics from N frequency bands divided from the second
frequency band, like the first frequency band, that is, the N frequency bands, each having a size of 1/N times the second
frequency band. In other words, an Mth weight filtering unit from among the N weight filtering units extracts harmonics
from an Mth frequency band among the harmonics generated by the Mth harmonic generating unit when the second
frequency band is divided into the N frequency bands.

[0059] The N weight filtering units may apply weight filters having separate weights to the N frequency bands from
which harmonics are extracted. Since one finds it unpleasant when hearing a signal of a high frequency, the N weight
filtering units may apply weight filters to the N frequency bands included in the second frequency band in such a way
that a weight filter having a smaller weight is applied to a higher frequency band.

[0060] InFIG.3,itis shown that the number of filtering units N, is 2. Referring to FIG. 3, the first signal and filter signals
of predetermined frequency bands from the first signal are input to the first filtering unit 320 and the second filtering unit 350.
[0061] The firstfiltering unit 320 extracts a signal included in a frequency band having a size of 1/2 of the first frequency
band and the second filtering unit 350 extracts a signal included in the remaining of the frequency band. For example,
if the first frequency band ranges from 2KHz to 4KHz, the first filtering unit 320 extracts a signal having a frequency
band of 2KHz to 3KHz from the first signal and the second filtering unit 350 extracts a signal having a frequency band
of 3KHz to 4KHz from the first signal.

[0062] The first filtering unit 320 outputs the extracted signal to the first harmonic generating unit 330, and the second
filtering unit 350 outputs the extracted signal to the second harmonic generating unit 360. The first harmonic generating
unit 330 generates harmonics by using the signal having a frequency band of 2KHz to 3KHz extracted by the first filtering
unit 320 as a fundamental wave. The second harmonic generating unit 360 generates harmonics by using the signal
having a frequency band of 3KHz to 4KHz extracted by the second filtering unit 350 as a fundamental wave.

[0063] The first harmonic generating unit 330 and the second harmonic generating unit 360 generate Lth-order har-
monics having a frequency that is L times a frequency of a fundamental wave, by using a nonlinear device. Herein, L is
a natural number greater than 2. When a signal input to the first harmonic generating unit 330 is x(n) and harmonics
output from the first harmonic generating unit 330 is y(n), the first harmonic generating unit 330 may generate harmonics
by using various methods including the following equations.

o=k (1)
ymy=sign(e(mfe@)-x(m°2 @
y(m)=0,((x(n) <0), y(n) = x(n) (x(m)>=0) 3)

[0064] The second harmonic generating unit 360 may generate harmonics in the same manner as the first harmonic
generating unit 330.

[0065] The first weight filtering unit 340 extracts harmonics included in a frequency band having a size of 1/2 times
the second frequency band, from among the harmonics generated by the first harmonic generating unit 330. For example,
if the second frequency band ranges from 4KHz to 8KHz, the first weight filtering unit 340 extracts harmonics included
in a frequency band of 4KHz to 6KHz. Likewise, the second weight filtering unit 370 extracts harmonics included in a
frequency band of 6KHz to 8KHz from among the harmonics generated by the second harmonic generating unit 360.
[0066] The first weight filtering unit 340 and the second weight filtering unit 370 may extract harmonics by applying
predetermined weights to frequency bands. That is, the first weight filtering unit 340 may extract harmonics by applying
a predetermined first weight to a frequency band of 4KHz to 6KHz included in the second frequency band, and the
second weight filtering unit 370 may extract harmonics by applying a predetermined second weight to a frequency band
of 6KHz to 8KHz. It is preferable that the weights be positive real numbers less than or equal to 1.

[0067] The firstweightfiltering unit 340 and the second weight filtering unit 370 may apply weight filters having separate
weights to frequency bands. For example, the first weight applied to the frequency band of 4KHz to 8KHz by the first
weight filtering unit 340 may be less than the second weight applied to the frequency band of 6KHz to 8KHz by the
second weight filtering unit 370, so as to reduce the magnitude of harmonics included in a high-frequency band. However,
this is only exemplary, and the first weight applied to the frequency band of 4KHz to 8KHz by the first weight filtering
unit 340 may be greater than the second weight applied to the frequency band of 6KHz to 8KHz by the second weight
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filtering unit 370.

[0068] The signal adding unit 380 generates the second signal by adding the harmonics extracted by the first weight
filtering unit 340 and the harmonics extracted by the second weight filtering unit 370. The signal adding unit 380 adds
the first signal delayed by a predetermined time by the first signal time delaying unit 310 to the second signal, thereby
generating a new speech signal.

[0069] Assuch,accordingto an exemplary embodiment, the first signalincluded in the first frequency band is separately
extracted as signals of N frequency bands and harmonics included in N frequency bands, each having a size of 1/N
times the second frequency band, are extracted among harmonics generated by using the extracted signals of the N
frequency bands as fundamental waves, thereby generating the second signal.

[0070] According to an exemplary embodiment, N weight filters apply separate weights to frequency bands to extract
harmonics, and thus the magnitude of the second signal generated in the second frequency band may be adjusted
according to frequency.

[0071] FIG. 4isagraph showing an example where the extension signal generating unit 250 shown in FIG. 3 generates
a signal of the second frequency band by using a signal of the first frequency band and applies a weight to the signal
of the second frequency band.

[0072] In FIG. 4, the first frequency band where a speech signal is located is assumed to be greater than or equal to
0.5 fc and less than fc. The extension signal generating unit 250 generates a new signal in the second frequency band,
which does not overlap with the first frequency band, included in a human-sensitive frequency band, by using the signal
of the first frequency band. In FIG. 4, the second frequency band has a size that is twice the size of the first frequency
band and is assumed to be greater than or equal to fc and less than 2fc.

[0073] The first filtering unit 320 filters a signal of a frequency band which is greater than or equal to 0.5fc and less
than 0.75fc from the signal of the first frequency band. The first filtering unit 320 outputs the filtered signal to the first
harmonic generating unit 330, and the first harmonic generating unit 330 generates harmonics for the signal of the
frequency band filtered by the firstfiltering unit 320. When 0.5fc is used as a frequency of afundamental wave, frequencies
of Lth-order harmonics generated by the first harmonic generating unit 330 may be fc, 1.5fc, 2fc, 2.5fc, and the like.
Herein, L is a natural number greater than 2. The first weight filtering unit 340 extracts harmonics included in a frequency
band greater than or equal to fc and less than 1.5fc in the second frequency band from among the harmonics generated
by the first harmonic generating unit 330. That is, the first weight filtering unit 340 extracts 2nd-order harmonics, that is,
harmonics having a frequency of fc from among the generated Lth-order harmonics when 0.5fc is used as a frequency
of a fundamental wave.

[0074] The first weight filtering unit 340 may adjust the magnitude of the extracted harmonics by applying a weight
filter having a first weight to the signal included in the frequency band greater than or equal to fc and less than 1.5fc.
[0075] Likewise, the second filtering unit 350 filters a signal of a frequency band greater than or equal to 0.75fc and
less than fc from the signal of the first frequency band and outputs the filtered signal of the frequency band to the second
harmonic generating unit 360. The second harmonic generating unit 360 generates harmonics for the signal of the
frequency band filtered by the second filtering unit 320. More specifically, when using 0.75fc as a frequency of a funda-
mental wave, the second harmonic generating unit 360 generates Lth- order harmonics having frequencies such as 1.5f,
2.25fc, 3fc, and so forth. The second weight filtering unit 370 extracts harmonics included in a frequency band greater
than or equal to 1.5fc and less than 2fc in the second frequency band from among the harmonics generated by the
second harmonic generating unit 360. That is, the second weight filtering unit 370 extracts 2nd- order harmonics, i.e.,
harmonics having a frequency of 1.5fc, from among the generated Lt"- order harmonics when using 0.75fc as a frequency
of a fundamental wave.

[0076] The second weight filtering unit 370 may adjust the magnitude of the extracted harmonics by applying a weight
filter having a second weight to the signal included in the frequency band greater than or equal to 1.5fc and less than 2fc.
[0077] The first weight of the weight filter used by the first weight filtering unit 340 and the second weight of the weight
filter used by the second weight filtering unit 370 may not be the same. For example, the first weight filtering unit 340
and the second weight filtering unit 370 may apply a small weight to a higher-frequency band. When a weight is a real
number that is greater than or equal to 0 and less than 1, the first weight is greater than the second weight in FIG. 4.
[0078] Inanother exemplary embodiment, the first weight and the second weight may be variable values which change
with the frequency, rather than constant values. That is, the weight filters used by the first weight filtering unit 340 and
the second weight filtering unit 370 may be frequency weight filters which apply different weights for different frequencies.
[0079] FIG. 5is a flowchart for describing that the signal processing apparatus 200 shown in FIG. 2 amplifies a speech
signal, according to an exemplary embodiment. Referring to FIG. 5, the signal processing apparatus 200 obtains the
sum signal of the left signal and the right signal and extracts the first signal having the first frequency band from the sum
signal in operation 510. The signal processing apparatus 200 generates the second signal having the second frequency
band which is different from the first frequency band by using the first signal having the first frequency band in operation
520.

[0080] The signal processing apparatus 200 generates a new speech signal, i.e., a third signal, by using the first signal
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and the second signal in operation 530. The signal processing apparatus 200 may delay the first signal by a predetermined
time and add the time-delayed first signal to the second signal, thereby generating the third signal.

[0081] The signal processing apparatus 200 calculates a ratio of the center signal included in the sum signal and
calculates a gain by using the ratio of the center signal. The signal processing apparatus 200 applies the gain to the
generated third signal in operation 540.

[0082] FIG. 6 is a flowchart for describing in more detail operation 520 shown in FIG. 5, according to an exemplary
embodiment. The signal processing apparatus 200 may generate the second signal by regarding the first signal as a
signal of a single band, but may generate the second signal by dividing the first signal into signals of a plurality of
frequency bands.

[0083] When generating the second signal by dividing the first signal into signals of a plurality of frequency bands, the
signal processing apparatus 200 divides the first signal into signals of N frequency bands and extracts a signal of an
Mth frequency band among the signals of the N frequency bands in operation 610.

[0084] The signal processing apparatus 200 generates harmonics by using the signal of the Mth frequency band as a
fundamental wave in operation 620. The signal processing apparatus 200 extracts harmonics included in the Mth fre-
quency band among the N frequency bands included in the second frequency band from the generated harmonics in
operation 630. The signal processing apparatus 200 generates the second signal by using the harmonics extracted
using the signals of the N frequency bands as fundamental waves in operation 640. The signal processing apparatus
200 may adjust the magnitude of the second signal on a frequency basis by applying weight filters having separate
weights to harmonics when extracting the harmonics.

[0085] FIG. 7 is a flowchart for describing in more detail operation 540 shown in FIG. 5, according to an exemplary
embodiment. The signal processing apparatus 200 generates the sum signal by adding the left signal and the right signal
and generates the difference signal by subtracting the left signal from the right signal.

[0086] The signal processing apparatus 200 divides the sum signal on a frame basis to obtain a representative value
of the sum signal for each frame. To obtain a representative value of the sum signal for each frame, the signal processing
apparatus 200 may use various methods such as obtaining a root mean square (RMS) of the sum signal, an average
of an absolute value of the sum signal, or an intermediate value of an absolute value of the sum signal, for each frame.
Similarly, the signal processing apparatus 200 divides the difference signal on a frame basis and obtains a representative
value of the difference signal for each frame.

[0087] The signal processing apparatus 200 calculates a ratio of the difference signal included in the sum signal by
dividing the representative value of the difference signal by the representative value of the sum signal, for each frame.
The signal processing apparatus 200 normalizes the ratio of the difference signal and subtracts the normalized value
from 1, thereby calculating the ratio of the center signal included in the sum signal in operation 710.

[0088] The signal processing apparatus 200 generates a product of the ratio of the center signal and K as a gain for
each frame in operation 720. Herein, K is a positive real number. The signal processing apparatus 200 generates the
third signal by adding the second signal filtered by a weight filter to the time-delayed first signal, and applies a gain
obtained for each frame to each frame of the third signal in operation 730.

[0089] According to an exemplary embodiment, the ratio of the center signal included in the sum signal is calculated
for each frame and a gain generated by using the ratio of the center signal is applied to the third signal, thereby adjusting
the magnitude of the third signal according to the ratio of the center signal included in the stereo signal.

[0090] In addition, according to an exemplary embodiment, the magnitude of the second signal is adjusted on a
frequency basis by using a weight filter, and the magnitude of the first signal and the magnitude of the second signal
are adjusted for each frame by using a gain, whereby signals of a frequency band where a speech signal is located are
not amplified at a time, and instead, the magnitude of a speech signal may be adjusted on a frequency band basis and
on a frame basis.

[0091] FIG. 8 shows spectrograms which illustrate that a speech signal is amplified according to the exemplary em-
bodiment. In the spectrograms shown in FIG. 8, a horizontal axis indicates time, a vertical axis indicates frequency, and
a variation in the amplitude of energy with respect to time and frequency is expressed by the color depth. In FIG. 8, an
area that contains white and black shades means that energy is full and a dark color portion (as depicted in the upper
portions of the spectrograms) means that energy is empty.

[0092] The upper spectrogram in FIG. 8 shows a first signal having a first frequency band of a sum signal of a left
signal and a right signal. It can be seen from the upper spectrogram that a speech signal is located in a frequency band
of up to about 4KHz.

[0093] The lower spectrogram in FIG. 8 shows a third signal generated by using the first signal. The third signal is
generated by delaying the first signal by a predetermined time and adding a second signal generated by using the first
signal to the time-delayed first signal.

[0094] It can be seen from the lower spectrogram of FIG. 8 that the frequency band of the speech signal is extended
to a frequency band of up to about 8KHz. That is, if the first frequency band is 4KHz, the speech signal included in 4KHz
is extended to the second frequency band which is a human-sensitive frequency band, that is, a frequency band of up



10

15

20

25

30

35

40

45

50

55

EP 2 360 686 B9

to 8KHz.

[0095] As is apparent from the foregoing description, according to an exemplary embodiment, the second signal is
generated in the second frequency band by using a speech signal included in the first frequency band, and the first
signal and the second signal are used together as a new speech signal, thereby amplifying a speech signal.

[0096] The signal processing method and apparatus according to the exemplary embodiments may be embodied as
a computer readable code on a computer-readable recording medium. The recording medium may be any data storage
device that can store data which can be thereafter read by a computer system. Examples of the recording medium
include read-only memory (ROM), random access memory (RAM), CD-ROMs, magnetic tapes, floppy disks, and optical
data storage devices. The computer-readable recording medium can also be distributed over a network of coupled
computer systems so that the computer-readable code is stored and executed in a decentralized fashion. A function
program, code, and code segments for executing the signal processing method can be easily construed by programmers
of ordinary skill in the art.

[0097] While the aspects have been particularly shown and described with reference to exemplary embodiments
thereof, it will be understood by those of ordinary skill in the art that various changes in form and details may be made
therein without departing from the scope of the exemplary embodiments as defined by the following claims. Accordingly,
the disclosed exemplary embodiments should be considered in an illustrative sense not in a limiting sense. The scope
of the invention is defined not by the detailed description of the exemplary embodiments, but by the appended claims.

Claims
1. A stereo audio signal processing method comprising:

extracting a first signal having a first frequency band from a sum signal of a left signal and a right signal;
generating a second signal having a second frequency band by using the first signal;

time-delaying the first signal by a predetermined time; and generating a third signal by adding the second signal
to the time-delayed first signal; and

applying a gain, generated by using a ratio of a center signal included in the sum signal, to the third signal,
wherein the generating of the second signal comprises:

generating harmonics for a fundamental wave by using the first signal as the fundamental wave; and
generating a signal included in the second frequency band among the harmonics as the second signal,
wherein the applying of the gain comprises:

calculating a sum signal and a difference signal of the left signal and the right signal on each frame basis;
calculating a ratio of the difference signal to the sum signal and calculating a ratio of the center signal
included in the sum signal by using the ratio of the difference signal on a frame basis; and
generating a product of the ratio of the center signal and K as a gain for each frame, where K is a
positive real number, wherein the calculating of the ratio of the center signal comprises normalizing
the ratio of the difference signal included in the sum signal and subtracting the normalized ratio from
1, to calculate the ratio of the center signal; and

further comprising:

time-delaying the left signal and the right signal; and
generating a new left signal and a new right signal by adding the signal to which the gain was
applied to each of the time-delayed left signal and the time-delayed right signal.

2. The signal processing method of claim 1, further comprising applying a weight filter to the second signal.

3. The signal processing method of claim 1, wherein the applying of the gain comprises applying a gain obtained for
each frame to the third signal on a frame basis.

4. A stereo audio signal processing apparatus comprising:

a first signal extracting unit operable to extract a first signal which has a first frequency band from a sum signal
of a left signal and a right signal;

a gain generating unit which generates a gain by using a ratio of a center signal included in the sum signal; and
an extension signal generating unit operable to generate a second signal which has a second frequency band
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by using the first signal, and further operable to time delay the first signal by a predetermined time and to
generate a third signal by adding the second signal to the time-delayed first signal, and to apply the gain to the
third signal, wherein the extension signal generating means is further operable to generate harmonics for a
fundamental wave by using the first signal as the fundamental wave, and to generate a signal included in the
second frequency band among the harmonic as the second signal, wherein the gain generating unit is operable
to calculate a sum signal and a difference signal of the left signal and the right signal on each frame basis and
to calculate a ratio of the difference signal to the sum signal, and to calculate a ratio of the center signalincluded
in the sum signal by using the ratio of the difference signal on a frame basis, and to generate a product of the
ratio of the center signal and K as a gain for each frame, where K is a positive real number, wherein calculating
the ratio of the center signal comprises normalizing the ratio of the difference signal included in the sum signal
and subtracting the normalized ratio from 1, to calculate the ratio of the center signal; and further comprising a
left signal time-delaying unit and a right signal time-delaying unit operable to delay left and right signals respec-
tively, and means to generate a new left signal and a new right signal, operable to add the signal to which the
gain was applied to each of the time-delayed left signal and time-delayed right signal.

5. A computer-readable recording medium having embodied thereon instructions that, when executed by a computer,
causes the computer to perform a stereo audio signal processing method as claimed in any of claims 1-3.
Patentanspriiche

1. Stereo- Audiosignal- Verarbeitungsverfahren, umfassend:
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Extrahieren eines ersten Signals, das ein erstes Frequenzband aufweist, aus einem Summensignal eines Links-
Signals und eines Rechts- Signals;

Erzeugen eines zweiten Signals, das ein zweites Frequenzband aufweist, durch Verwendung des ersten Signals;
Zeitverzogern des ersten Signals um eine vorbestimmte Zeit und Erzeugen eines dritten Signals durch Addieren
des zweiten Signals zu dem zeitverzdgerten ersten Signal; und

Anwenden eines Verstarkungsfaktors, der durch Verwendung eines Verhaltnisses eines in dem Summensignal
enthaltenen Mittensignals erzeugt wird, auf das dritte Signal, wobeidas Erzeugen des zweiten Signals Folgendes
umfasst:

Erzeugen von Oberschwingungen fiir eine Grundschwingung durch Verwendung des ersten Signals als
die Grundschwingung; und

Erzeugen eines Signals, das in dem zweiten Frequenzband enthalten ist, unter den Oberschwingungen
als das zweite Signal, wobei das Anwenden des Verstarkungsfaktors Folgendes umfasst:

Berechnen eines Summensignals und eines Differenzsignals des Links-Signals und des Rechts-Signals
jeweils rahmenweise;

Berechnen eines Verhéltnisses des Differenzsignals zu dem Summensignal und Berechnen eines
Verhaltnisses des in dem Summensignal enthaltenen Mittensignals durch Verwendung des Verhalt-
nisses des Differenzsignals rahmenweise; und

Erzeugen eines Produkts des Verhdltnisses des Mittensignals und K als eine Verstarkungsfaktor fir
jeden Rahmen, wobei K eine positive reelle Zahl ist, wobei das Berechnen des Verhéaltnisses des
Mittensignals Normieren des Verhéltnisses des in dem Summensignal enthaltenen Differenzsignals
und Subtrahieren des normierten Verhaltnisses von 1 umfasst, um das Verhalinis des Mittensignals
zu berechnen; und

ferner umfassend:

Zeitverzdgern des Links-Signals und des Rechts-Signals; und

Erzeugen eines neuen Links-Signals und eines neuen Rechts-Signals durch Addieren des Signals,
auf das der Verstarkungsfaktor angewandt wurde, jeweils zu dem zeitverzégerten Links-Signal
und dem zeitverzdgerten Rechts-Signal.

2. Signalverarbeitungsverfahren nach Anspruch 1, das ferner das Anwenden eines Gewichtsfilters auf das zweite
Signal umfasst.

3. Signalverarbeitungsverfahren nach Anspruch 1, wobei das Anwenden des Verstarkungsfaktors Folgendes umfasst:

10
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Anwenden eines fir jeden Rahmen erhaltenen Verstarkungsfaktors auf das dritte Signal rahmenweise.
4. Stereo- Audiosignal- Verarbeitungsvorrichtung, umfassend:

eine erste Signalextraktionseinheit, betreibbar zum Extrahieren eines ersten Signals, das ein erstes Frequenz-
band aufweist, aus einem Summensignal eines Links- Signals und eines Rechts- Signals;

eine Verstarkungsfaktor-Erzeugungseinheit, die einen Verstarkungsfaktor durch Verwendung eines Verhalt-
nisses eines in dem Summensignal enthaltenen Mittensignals erzeugt; und

eine Erweiterungssignal- Erzeugungseinheit, betreibbar zum Erzeugen eines zweiten Signals, das ein zweites
Frequenzband aufweist, durch Verwendung des ersten Signals, und ferner betreibbar zum Zeitverzégern des
ersten Signals um eine vorbestimmte Zeit und zum Erzeugen eines dritten Signals durch Addieren des zweiten
Signals zu dem zeitverzdgerten ersten Signal und zum Anwenden des Verstarkungsfaktors auf das dritte Signal,
wobei das Erweiterungssignal- Erzeugungsmittel ferner betreibbar ist zum Erzeugen von Oberschwingungen
fur eine Grundschwingung durch Verwendung des ersten Signals als die Grundschwingung und zum Erzeugen
eines Signals, das in dem zweiten Frequenzband enthalten ist, unter den Oberschwingungen als das zweite
Signal, wobei die Verstarkungsfaktor- Erzeugungseinheit betreibbar ist zum Berechnen eines Summensignals
und eines Differenzsignals des Links- Signals und des Rechts- Signals rahmenweise und zum Berechnen eines
Verhaltnisses des Differenzsignals zu dem Summensignal und zum Berechnen eines Verhaltnisses des in dem
Summensignal enthaltenen Mittensignals durch Verwendung des Verhaltnisses des Differenzsignals rahmen-
weise und zum Erzeugen eines Produkts des Verhaltnisses des Mittensignals und von K als Verstarkungsfaktor
furjeden Rahmen, wobei K eine positive reelle Zahlist, wobeidas Berechnen des Verhalinisses des Mittensignals
Normieren des Verhaltnisses in dem Summensignal enthaltenen Differenzsignals und Subtrahieren des nor-
mierten Verhaltnisses von 1 umfasst, um das Verhaltnis des Mittensignals zu berechnen; und ferner umfassend
eine Links- Signal- Zeitverzégerungseinheit und eine Rechts- Signal- Zeitverzégerungseinheit, betreibbar zum
Verzdgern von Links- bzw. Rechts- Signalen und Mittel zum Erzeugen eines neuen Links- Signals und eines
neuen Rechts- Signals, betreibbar zum Addieren des Signals, auf das der Verstarkungsfaktor angewandt wurde,
jeweils zu dem zeitverzogerten Links- Signal und dem zeitverzégerten Rechts- Signal.

5. Computerlesbares Aufzeichnungsmedium, aufdem Anweisungenrealisiert sind, die, wenn sie durch einen Computer
ausgefiihrt werden, bewirken, dass der Computer ein Stereo-Audiosignal-Verarbeitungsverfahren nach einem der
Anspriche 1-3 ausfiihrt.

Revendications

1. Procédé de traitement de signal audio stéréo comprenant :
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45

50

55

I'extraction d’'un premier signal ayant une premiere bande de fréquences a partir d’'un signal de somme d’un
signal gauche et d'un signal droit ;

la génération d’'un deuxiéme signal ayant une seconde bande de fréquences en utilisant le premier signal ;

le retard du premier signal par un temps prédéterminé ; et la génération d’un troisieme signal en ajoutant le
deuxiéme signal au premier signal retardé ; et

I'application d’'un gain, généré en utilisant un rapport d’'un signal central inclus dans le signal de somme, au
troisieme signal, dans lequel la génération du deuxiéme signal comprend :

la génération d’harmoniques d’une onde fondamentale en utilisant le premier signal comme onde
fondamentale ; et

la génération d’'un signal inclus dans la seconde bande de fréquences parmi les harmoniques comme
deuxiéme signal, dans lequel I'application du gain comprend :

le calcul d’un signal de somme et d’un signal de différence du signal gauche et du signal droit trame
par trame ;

le calcul d’'un rapport du signal de différence sur le signal de somme et le calcul d’un rapport du signal
centralinclus dans le signal de somme en utilisant le rapport du signal de différence trame par trame ; et
la génération d’un produit du rapport du signal central et de K comme gain trame par trame, K étant
un nombre réel positif, le calcul du rapport du signal central comprenant la normalisation du rapport
du signal de différence inclus dans le signal de somme et la soustraction du rapport normalisé de 1,
pour calculer le rapport du signal central ; et
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comprenant en outre :
le retard du signal gauche et du signal droit ; et

la génération d’'un nouveau signal gauche et d’'un nouveau signal droit en ajoutant le signal auquel
le gain a été appliqué a chacun du signal gauche retardé et du signal droit retardé.

2. Procédé de traitement de signaux selon la revendication 1, comprenant en outre I'application d’un filtre pondéral

au deuxiéme signal.

3. Procédé de traitement de signaux selon la revendication 1, dans lequel I'application du gain comprend I'application
d’un gain obtenu pour chaque trame au troisi€me signal trame par trame.

4. Appareil de traitement de signaux audio stéréo, comprenant :

une unité d’extraction de premier signal exploitable pour extraire un premier signal ayant une premiére bande
de fréquences a partir d’un signal de somme d’'un signal gauche et d’un signal droit ;

une unité de génération de gain exploitable pour générer un gain en utilisant un rapport d’'un signal central
inclus dans le signal de somme ; et

une unité de génération de signal d’extension exploitable pour générer un deuxiéme signal ayant une seconde
bande de fréquences en utilisant le premier signal, et exploitable en outre pour retarder le premier signal par
un temps prédéterminé et générer un troisi€me signal en ajoutant le deuxiéme signal au premier signal retardé,
et appliquer le gain au troisieme signal,

le moyen de génération de signal d’extension étant exploitable en outre pour générer des harmoniques d’'une
onde fondamentale en utilisant le premier signal comme onde fondamentale, et générer un signal inclus dans
la seconde bande de fréquences parmiles harmoniques comme deuxiéme signal, dans lequel I'unité de géné-
ration de gain est exploitable pour calculer un signal de somme et un signal de différence du signal gauche et
du signal droit trame par trame et calculer un rapport du signal de différence sur le signal de somme, et
calculer un rapport du signal central inclus dans le signal de somme en utilisant le rapport du signal de différence
trame par trame, et générer un produit du rapport du signal central et de K comme gain de chaque trame, ou
K est un nombre réel positif, le calcul du rapport du signal central comprenant la normalisation du rapport du
signal de différence inclus dans le signal de somme et la soustraction du rapport normalisé de 1, pour calculer
le rapport du signal central ; et comprenant en outre une unité de retard de signal gauche et une unité de retard
de signal droit exploitable pour retarder respectivement des signaux gauche et droit, et un moyen pour générer
un nouveau signal gauche et un nouveau signal droit, exploitable pour ajouter le signal auquel le gain a été
appliqué a chacun du signal gauche retardé et du signal droit retarde.

5. Support d’enregistrement lisible par ordinateur renfermant des instructions qui, lorsqu’elles sont exécutées par un

ordinateur, amene l'ordinateur a exécuter un procédé de traitement de signal audio stéréo selon 'une quelconque
des revendications 1 a 3.
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FIG. 4
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FIG. 6
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FIG. 7
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