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VOICE AFFECT MODIFICATION

BACKGROUND
[0001] Field of the Embodiments
[0002] The various embodiments relate generally to audio

signal processing and, more specifically, to techniques for
voice affect modification.

[0003] Description of the Related Art

[0004] Effective communication plays an important role in
developing and maintaining healthy social connections and
business relationships. Nevertheless, when involved in con-
versations, many people have difficulty accurately convey-
ing their emotional state and/or accurately determining the
emotional states of those around them or of those directly
involved in the conversations. For example, different cul-
tures commonly express emotion via different types of facial
expressions, hand gestures, body gestures, etc. Conse-
quently, due to these cultural differences, people from dif-
ferent cultural backgrounds may have difficult effectively
conveying their emotions to one another during a conver-
sation. As another example, people with autism spectrum
disorders commonly have difficult accurately conveying
their emotions and interpreting the emotions of others when
communicating or interacting with other people.

[0005] In an effort to enable people to more effectively
convey their emotional state when communicating, some
forms of electronic communication enable users to explicitly
indicate their emotions via graphical symbols. For example,
many text messaging platforms include graphical facial
expressions (i.e., emoticons) that a user can select to graphi-
cally convey his or her emotional state to another user.
Outside of these types of platforms, however, there currently
are no systems available that automatically assist users in
conveying and interpreting emotional states during live
and/or in-person interactions. Consequently, due to their
inability to effectively convey and interpret emotional states,
many people continue to struggle with communications and
social interactions, which inhibit their ability to develop and
maintain healthy relationships.

[0006] As the foregoing illustrates, more effective tech-
niques for conveying and interpreting the emotional states of
people when communicating or interacting with one another
would be useful.

SUMMARY

[0007] Embodiments of the present disclosure set forth a
method for modifying an affect of a voice. The method
includes determining an emotional state associated with a
person, and modifying one or more acoustic characteristics
of a voice sample acquired from the person based on the
emotional state to alter an affect associated with the voice
sample. The method further includes generating a second
voice sample based on the one or more acoustic character-
istics that have been modified, and transmitting the second
voice sample.

[0008] Further embodiments provide, among other things,
a system and a non-transitory computer-readable storage
medium configured to implement the techniques set forth
above.

[0009] At least one advantage of the disclosed techniques
is that the affect of the voice of a speaker can be enhanced
to enable the speaker to more effectively convey their
emotional state and/or to assist a listener in more effectively
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determining the emotional state of the speaker. In addition,
the affect in the voice of a speaker can be reduced and/or
changed, for example, and without limitation, to mask an
emotional state of the speaker. Moreover, the emotional state
of a speaker may be automatically determined via one or
more types of sensor data, without requiring interaction
from the speaker or listener.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0010] So that the manner in which the recited features of
the one or more embodiments set forth above can be
understood in detail, a more particular description of the one
or more embodiments, briefly summarized above, may be
had by reference to certain specific embodiments, some of
which are illustrated in the appended drawings. It is to be
noted, however, that the appended drawings illustrate only
typical embodiments and are therefore not to be considered
limiting of its scope in any manner, for the scope of the
various embodiments subsumes other embodiments as well.
[0011] FIG. 1 is a conceptual illustration of how a voice
affect modification system can modify the affect of the voice
of a user during a conversation, according to various
embodiments;

[0012] FIG. 2 is an illustration of a computing system
configured to implement one or more aspects of the voice
affect modification system of FIG. 1, according to various
embodiments;

[0013] FIGS. 3A and 3B illustrate different techniques for
generating modified voice samples via the voice affect
modification system of FIG. 1, according to various embodi-
ments; and

[0014] FIG. 4 is a flow diagram of method steps for
modifying the affect of a voice, according to various
embodiments.

DETAILED DESCRIPTION

[0015] In the following description, numerous specific
details are set forth to provide a more thorough understand-
ing of the embodiments of the present disclosure. However,
it will be apparent to one of skill in the art that the
embodiments of the present disclosure may be practiced
without one or more of these specific details.

[0016] As described above, many people have difficulty
accurately conveying their emotional state and/or accurately
interpreting the emotional state of a person with whom they
are communicating. For example, and without limitation,
cultural differences, anxiety, neurological disorders, poor
communication skills, etc. could prevent a speaker from
effectively utilizing verbal and/or non-verbal cues to convey
his or her emotions. Similarly, such issues could prevent a
listener from accurately interpreting the emotions conveyed
by others.

[0017] Accordingly, in order to facilitate more effective
communication of emotions between conversants, the voice
affect modification system (hereinafter “voice system”) may
determine an emotional state associated with a user and then
modify one or more acoustic characteristics of a voice
sample acquired from the user based on the emotional state.
More specifically, acoustic characteristics of a voice sample,
such as the pitch, vocal quality, timbre, vocal perturbation,
voice intonation, loudness, prosody, speech pattern, and/or
speech rate of the voice sample, may be modified to
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enhance, reduce, and/or change the affect of the voice
sample. The modified voice sample is then outputted to the
person with whom the user is communicating, enabling the
intended emotional state(s) of the user to be more effectively
conveyed and interpreted. In various embodiments, the
voice system makes only subtle changes to the acoustic
characteristics of voice samples when modifying affect so
that the conversational parties are not distracted by the
operation of the voice system.

[0018] FIG. 1 is a conceptual illustration of how a voice
system 100 can modify the affect of the voice of a user
during a conversation, according to various embodiments.
The voice system 100 may include, without limitation, a
microphone 110 and a speaker 120.

[0019] As shown, a voice sample 112 is acquired from a
user via one or more microphones 110. The voice sample
112 is then processed by modifying one or more acoustic
characteristics of the voice sample 112 in order to generate
a modified voice sample 114 that more accurately conveys
the intended emotion(s). For example, and without limita-
tion, if a user would like to increase the degree of excitement
conveyed in his or her voice, then the voice system 100
could process the voice sample 112 to increase the pitch and
loudness of the voice sample 112 and/or to modify the
prosodic characteristics of the voice sample 112, such as by
modifying the pitch, loudness, and/or speech rate or specific
words or phrases included in the voice sample 112. By
contrast, if a user would like to increase the degree of
sadness or sympathy conveyed in his or her voice, then the
voice system 100 could process the voice sample 112 to
decrease the pitch and speech rate of the voice sample 112
and/or to modify the prosodic characteristics of the voice
sample 112 in order to emphasize these particular emotions.
The voice system 100 would then output the modified voice
sample 114 to a listener via the speaker(s) 120.

[0020] In various embodiments, one or more sensors asso-
ciated with the voice system 100 automatically detect an
emotional state of a user. The voice system 100 then
modifies a voice sample 112 acquired from the user based on
the emotional state in order to enhance, reduce, and/or
change the affect of the voice sample 112. For example, and
without limitation, if a user has trouble conveying happiness
or gratitude, then one or more sensors associated with the
voice system 100 could detect verbal and/or non-verbal cues
indicating that the user is happy or grateful. The voice
system 100 would then modify a voice sample 112 acquired
from the user to increase the degree of happiness or gratitude
reflected in the voice sample 112, such as by increasing the
pitch and/or speech rate of the voice sample 112. Thus,
although a person with whom the user is communicating
may not understand that certain verbal and/or non-verbal
cues portrayed by the user indicate that the user is happy or
grateful, the voice system 100 could detect these cues and
modify the affect of the voice sample 112 to more effectively
convey the happiness or gratitude of the user.

[0021] In another non-limiting example. one or more
sensors associated with the voice system 100 could detect
verbal and/or non-verbal cues indicating that the user is
angry or frustrated. The voice system 100 could then modify
a voice sample 112 acquired from the user to reduce the
degree of anger and/or frustration reflected in the voice
sample 112, such as by decreasing the speech rate, lowering
the pitch, and/or neutralizing the tone of the voice sample
112. Consequently, in such embodiments, the voice system
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100 may enable a user who is feeling angry or frustrated to
more politely communicate with others without using an
offensive tone of voice. Alternatively, when the voice system
100 detects that the user is angry or frustrated, the voice
system 100 could enhance affect in the voice sample 112 to
increase the degree of anger and/or frustration reflected in
the voice sample 112, such as by adding subharmonic
frequencies to the voice sample 112. In such embodiments,
the voice system 100 would enable a user who is feeling
angry or frustrated, but who is unable to effectively com-
municate that anger or frustration, to be more accurately
understood by others.

[0022] Accordingly, in some embodiments, the voice sys-
tem 100 may enhance the affect of a voice sample 112 when
the voice system 100 determines, via one or more sensors,
that a user is in a first set of emotional states (e.g., happy,
excited, affectionate) and may reduce or change the affect of
a voice sample 112 when the user is in a second set of
emotional states (e.g., angry, frustrated, sad). Additional
techniques for detecting an emotional state of a user via one
or more sensors are described below in further detail in
conjunction with FIG. 2.

[0023] In various embodiments, a user may select one or
more emotions that he or she would like to enhance, reduce,
and/or change in a voice sample 100. The user may further
select the degree to which each emotion should be enhanced,
reduced, and/or changed by the voice system 100. In gen-
eral, a user may choose to enhance, reduce, and/or change
the affect in his or her own voice samples 112, or the user
may choose to enhance, reduce, and/or change the affect in
voice samples 112 acquired from a person with whom the
user is communicating. For example, and without limitation,
a user could select a first emotion (e.g., “excitement™) via a
graphical user interface (GUI) associated with the voice
system 100 and indicate that this emotion should be
enhanced. In response, when the voice system 100 detects
that the user and/or a person with whom the user is com-
municating is excited, the affect of voice samples 112
acquired via the microphone(s) 110 would be modified to
emphasize excitement, such as by increasing the loudness,
pitch, and/or speech rate of the voice sample 112.

[0024] Further, a user could select a second emotion (e.g,,
“angry”) via the GUT associated with the voice system 100
and indicate that this emotion should be reduced. Then,
when the voice system 100 detects that the user and/or a
person with whom the user is communicating is angry, the
affect of voice samples 112 acquired via the microphone(s)
110 would be modified to reduce the anger in the voice
sample 112, such as by reducing the speech rate and loud-
ness of the voice sample 112. In yet another non-limiting
example, a user could select a third emotion (e.g., “ner-
vous”) via the GUI associated with the voice system 100 and
indicate that this emotion should be changed. Then, when
the voice system 100 detects that the user and/or a person
with whom the user is communicating is nervous, the affect
of voice samples 112 acquired via the microphone(s) 110
would be changed and replaced with a different emotion,
such as confidence.

[0025] In some embodiments, the GUI may be imple-
mented on a smartphone or mobile computer display asso-
ciated with the voice system 100. Additionally, in some
embodiments, any of the functionality described herein (e.g.,
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enhance, reduce, change, etc.) may be implemented auto-
matically by the voice system 100, without explicit interac-
tion via a GUL

[0026] FIG. 2 is an illustration of a computing system
configured to implement one or more aspects of the voice
system 100 of FIG. 1, according to various embodiments. As
shown, the voice system 100 may include, without limita-
tion, one or more microphones 110, one or more speakers
120, a computing device 200, a camera 220, and electrodes
222. The computing device 200 includes a processor 202,
input/output (I/O) devices 204, and a memory 210. The
memory 210 includes a voice modification application 212
configured to interact with a database 214.

[0027] The microphone(s) 110 may include wireless or
wired acoustic transducers. For example, and without limi-
tation, the microphone(s) 110 may include single transduc-
ers, omnidirectional transducers, directional transducers,
and/or microphone arrays that allow dynamic beam forming.
[0028] In various embodiments, the voice modification
application 212 may determine the emotional state of a user
from one or more voice samples 112 acquired via the
microphone(s) 110. For example, and without limitation, the
voice modification application 212 could detect one or more
acoustic characteristics in a voice sample 112 that are
indicative of an emotional state. The voice modification
application 212 would then modify the acoustic character-
istic(s) and/or acoustic characteristics related to other emo-
tional states in real-time to enhance, reduce, or change the
affect in the voice sample 112.

[0029] In various embodiments, the camera(s) 220 are
configured to detect facial expressions of a user, gestures
performed by a user, pupil dilation, the posture of a user,
and/or the body language of a user. For example, and
without limitation, images acquired by the camera(s) 220
may be analyzed to determine the positions and/or appear-
ance of the user’s eyes, eyebrows, mouth, nose, forehead,
cheeks, fingertips, joints, hands, wrists, arms, shoulders,
back, legs, etc. The positions and/or appearance of one of
more of these body parts may then be used to determine the
emotional state of the user. For example, and without
limitation, images of the user’s face and/or body may be
acquired by the camera(s) 220 and processed by the voice
modification application 212 to determine the shape of the
eyebrows and mouth of the user and/or the posture of the
user. The shape of the eyebrows and mouth of the user
and/or the posture of the user may then be analyzed to
determine the emotional state of the user. Although only one
camera 220 is shown in FIG. 2, any number of cameras 220
located at any positions relative to the user may be used to
detect the emotional state of the user and/or the emotional
state of a person with whom the user is communicating.
[0030] The electrode(s) 222 may include one or more
electroencephalography (EEG) electrodes, skin conductance
electrodes, heart rate sensor electrodes, and/or electromyo-
graphy (EMQG) electrodes. In general, the electrodes 222
acquire sensor data associated with the emotional state of a
user. For example, and without limitation, sensor data
acquired via EEG electrodes could be analyzed by the voice
modification application 212 to detect brain activity of the
user. The voice modification application 212 could then
determine the emotional state of the user based on the brain
activity and modify one or more voice samples 112 based on
that emotional state. Additionally, brain activity indicative of
the emotional state of the user may be determined via other
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types of sensor data, such as sensor data acquired via
functional magnetic resonance imaging (fMRI) and func-
tional near-infrared spectroscopy (fNIRS).

[0031] In some embodiments, sensor data acquired via
skin conductance electrodes and/or heart rate sensor elec-
trodes may be used to determine the emotional state of a
user. For example, and without limitation, the voice modi-
fication application 212 could process sensor data acquired
via one or more skin conductance electrodes to determine
that the user is perspiring. Based on this sensor data and
optionally in conjunction with other sensor data (e.g,
images of the user’s face acquired via a camera 220) the
voice modification application 212 could then determine that
the user is nervous. In another non-limiting example, the
voice modification application 212 could process sensor data
acquired via a heart rate sensor electrode to determine that
the user has an elevated heart rate. Then, based on this sensor
data and optionally in conjunction with other sensor data
(e.g., spectral analysis of a voice sample 112 of the user), the
voice modification application 212 could determine that the
user is happy and/or excited.

[0032] The voice system 100 may include any number of
electrodes 222 configured to be placed in contact with a
user’s scalp, ear canal, and/or other portions of the user’s
head or body. In some embodiments, one or more types of
electrodes 222 described herein are included in a device that
is held or worn by the user, such as in a smartphone, headset,
bracelet, armband, chest strap, earbuds, or pair of head-
phones 230. In still other embodiments, the voice modifi-
cation application 212 could determine the emotional state
of a user by detecting physiological changes in the user via
ablood oxygenation sensor, or by detecting movement of the
user via an accelerometer, a gyroscope, or a magnetometer.
[0033] /O devices 204 may include input devices, output
devices, and devices capable of both receiving input and
providing output. For example, and without limitation, I/O
devices 204 may include wired and/or wireless communi-
cation devices that send data to and/or receive data from the
microphone(s) 110, speaker(s) 120, camera 220, and/or
electrodes 222 included in the voice system 100. Addition-
ally, the I/O devices 204 may include one or more wired or
wireless communication devices that receive other types of
sensor data indicative of the emotional state of a user.
[0034] In various embodiments, voice system 100 may
include a personal audio device, mobile computer, personal
digital assistant, mobile phone, desktop computer, or any
other device suitable for practicing one or more embodi-
ments described herein. In some embodiments, the voice
system 100 includes a pair of headphones 230, such as the
over-the-ear headphones shown in FIG. 2, in which one or
more microphones 110 are optionally disposed. In general,
however, any type of wired or wireless headphones, includ-
ing circumaural headphones, supra-aural headphones, and
in-ear headphones, may be used to perform the techniques
described herein. In other embodiments, the voice system
100 may be any acoustic device that is able to capture and
reproduce sound for a user, including an assistive medical
device, such as a hearing aid, or a mobile communication
device, such as a Bluetooth® headset.

[0035] Generally, computing device 200 is configured to
coordinate the overall operation of the voice system 100. In
other embodiments. the computing device 200 may be
coupled to, but separate from other components of the voice
system 100. In such embodiments, the voice system 100
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may include a separate processor that receives voice samples
112 and/or sensor data indicative of the emotional state of a
user and transmits data (e.g., sensor data and/or modified
voice samples 114) to the computing device 200, which may
be included in a separate device, such as a personal com-
puter, wearable device, smartphone, portable media player,
etc. However, the embodiments disclosed herein contem-
plate any technically feasible system configured to imple-
ment the functionality of the voice system 100.

[0036] Processor 202 may be any technically feasible form
of processing device configured process data and execute
program code. Processor 202 could be, for example, and
without limitation, a central processing unit (CPU), a graph-
ics processing unit (GPU), an application-specific integrated
circuit (ASIC), a field-programmable gate array (FPGA),
and so forth. Memory 210 may include a memory module or
a collection of memory modules. The voice modification
application 212 within memory 210 is executed by the
processor 202 to implement the overall functionality of the
computing device 200 and, thus, to coordinate the operation
of the voice system 100 as a whole. For example, and
without limitation, voice samples 112 and/or sensor data
acquired via the microphone(s) 110, camera 220, and elec-
trodes 222 may be processed by the voice modification
application 212 to generate modified voice samples 114
and/or data indicative of the emotional state of a user. In
some embodiments, the database 214 stores voice samples
112, modified voice samples 114, audio parameters, sensor
data, algorithms, statistics, and user preferences.

[0037] In embodiments in which the voice system 100 is
implemented in conjunction with headphones 230 or ear-
buds, the headphones 230 or earbuds may operate in an
acoustically transparent mode in which the user can hear
ambient sounds in the surrounding environment. In the
acoustically transparent mode, the voice modification appli-
cation 212 could detect voice samples 112 associated with
one or more persons with whom the user is communicating
(e.g., via selective voice enhancement) and modify the voice
samples 112 to enhance, reduce, or change the affect of the
voice samples 112. The modified voice samples 114 would
then be outputted to the user via speakers 120 included in the
headphones 230 or earbuds.

[0038] Additionally, the voice system 100 may modify the
affect in a voice sample 112 via active noise cancellation
techniques, such as by outputting inverted signals via the
speakers 120 to cancel specific sound frequencies in the
voice sample 112. For example, and without limitation,
certain frequencies in the voice of a user could be cancelled
via one or more inverted signals in order to enhance, reduce,
or change the affect of the voice of the user. Further, the
voice system 100 may implement such techniques in con-
junction with external speakers 120 (e.g., loudspeakers) that
output modified voice samples 114 and/or noise cancellation
signals during in-person communications. In such embodi-
ments, the voice modification application 212 could modify
a voice sample 112 to enhance, reduce, or change the affect
of the voice sample 112 and output the modified voice
sample 114 at a similar or louder volume than the user’s own
voice, allowing the person with which the user is commu-
nicating to more accurately perceive the emotional state of
the user.

[0039] In general, the voice modification application 212
may use any technically feasible algorithms or techniques to
modify a voice sample 112 to enhance, reduce, or change the
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affect associated with the voice sample 112. In some
embodiments, the voice modification application 212 modi-
fies acoustic characteristics of voice samples 112 via audio
processing techniques such as Fourier transforms, harmonic
scaling, pitch scaling, pitch shifting, time stretching, time
compression, and resampling. Additionally, commercial
technologies, such as Auto-Tune or similar audio processing
technologies may be implemented in various embodiments.

[0040] Because different users may express emotions dif-
ferently (e.g., due to cultural or personal reasons), the voice
system 100 may include a training mode. In the training
mode, the voice system 100 processes sensor data associated
with specific emotional states in order to learn the emotional
states of the user, enabling the emotional states to be more
accurately determined during operation of the voice system
100. In some embodiments, the voice system 100 imple-
ments machine learning algorithms in order to generate user
heuristics that the voice system 100 can implement to
determine emotional states. Such heuristics may then be
stored in the database 214 and accessed by the voice
modification application 212.

[0041] In embodiments in which multiple types of sensor
data are acquired by the voice modification application 212
to determine the emotional state of the user, a weighting may
be assigned to each type of sensor data. The emotional
state(s) of the user may then be determined based on the
emotional state determined for each sensor type and the
weighting assigned to each of the sensor types. For example,
and without limitation, a user could interact with the GUI to
assign a first weighting to sensor data associated with brain
activity, a second weighting to sensor activity associated
with facial expressions, and a third weighting to sensor data
associated with acoustic characteristics acquired voice
samples 112. The voice modification application 212 would
then determine an emotional state indicated by each type of
sensor data, apply a weighting to each emotional state, and
determine the dominant emotional state based on the weight-
ings. In some embodiments, assigning weightings to specific
types of sensor data may enable the voice modification
application 212 to more accurately determine the correct
emotional state(s) when ambiguous verbal and non-verbal
cues are detected. Additionally, assigning weightings to
specific types of sensor data may enable the voice modifi-
cation application 212 to place less emphasis on types of
sensor data that may less accurately reflect the emotional
state of the user, without completely distegarding these
types of sensor data.

[0042] FIGS. 3A and 3B illustrate different techniques for
generating modified voice samples 114 via the voice system
100 of FIG. 1, according to various embodiments. As shown
in FIG. 3A, in some embodiments, a voice modification
application 212 executing on the device 310 (e.g., a smart-
phone) associated with the speaker acquires a voice sample
112, determines the emotional state(s) of the speaker, and
transmits both the voice sample 112 and the emotional
state(s) to the listener. Then, the device 320 associated with
the listener receives the voice sample 112 and the emotional
state(s), and a voice modification application 212 executing
on the listener device 320 generates a modified voice sample
114 that is outputted to the listener. Thus, in such embodi-
ments, the manner in which the voice sample 112 is pro-
cessed to enhance, reduce, and/or change affect may be
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controlled by the listener, such as via a GUI implemented by
the voice modification application 212 executing on the
listener device 320.

[0043] As shown in FIG. 3B, in some embodiments, the
voice modification application 212 executing on the device
310 associated with the speaker acquires a voice sample 112,
determines the emotional state(s) of the speaker, and modi-
fies the voice sample 112 locally to generate a modified
voice sample 114. The modified voice sample 114 is then
transmitted to the device 320 associated with the listener and
outputted to the listener. Thus, in such embodiments, the
manner in which the voice sample 112 is processed to
enhance, reduce, and/or change affect may be controlled by
the speaker, such as via any of the GUI implementations
described above.

[0044] Additionally, in the embodiments illustrated in
FIGS. 3A and 3B, the speaker and listener may negotiate the
degree to which voice samples 112 are modified to enhance,
reduce, and/or change affect. In such embodiments, each of
the listener and the speaker could select a preferred degree
of enhancement, reduction, and/or change for one or more
emotional states. The voice modification application 212
may then modify voice samples 112 based on the selections
made by the speaker and the listener, such as by selecting the
lower degree of enhancement, reduction, and/or change
selected by the parties.

[0045] FIG. 4 is a flow diagram of method steps for
modifying the affect of a voice, according to various
embodiments. Although the method steps are described in
conjunction with the systems of FIGS. 1-3B, persons skilled
in the art will understand that any system configured to
perform the method steps, in any order, falls within the
scope of the various embodiments.

[0046] As shown, a method 400 begins at step 410, where
the voice modification application 212 analyzes sensor data
received via the microphone(s) 110, I/O devices 204, camera
(s) 220, electrode(s) 222, etc. to determine an emotional
state of a user. For example, and without limitation, as
described above, the voice modification application 212
could analyze sensor data to detect verbal and/or non-verbal
cues indicative of the emotional state of the user. Then, at
step 420, the voice modification application 212 determines
whether an additional type of sensor data should be ana-
lyzed. If an additional type of sensor data should be ana-
lyzed, then the method 400 returns to step 410.

[0047] If no additional type of sensor data should be
analyzed, then the method 400 proceeds to step 430, where
the voice modification application 212 optionally applies a
weighting to each type of sensor data. As described above,
in some embodiments, a user of the voice system 100 may
select weightings to apply to each type of sensor data.
Additionally, in some embodiments, the voice modification
application 212 may automatically apply weightings to one
or more types of sensor data.

[0048] At step 440, the voice modification application 212
analyzes the emotional state determined for each type of
sensor data and determines the dominant emotional state
indicated by the sensor data. In embodiments in which
weightings are applied to one or more types of sensor data,
the voice modification application 212 could determine the
dominant emotional state by applying a corresponding
weighting to the emotional state determined for each type of
sensor data and determining which emotional state has a
highest value. For example, and without limitation, the voice
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modification application 212 could assign a first weighting
of 40% to a first type of sensor data (e.g., a voice sample 112
acquired via a microphone 110), a second weighting of 30%
to a second type of sensor data (e.g., facial images acquired
via a camera 220), and a third weighting of 30% to a third
type of sensor data (e.g., brain activity acquired via elec-
trodes 222). Then, if the voice modification application 212
determined a “happy” emotional state for both the first type
of sensor data and the second type of sensor data, but
determined an “angry” emotional state for the third type of
sensor data, then, at step 440, the voice modification appli-
cation 212 would determine (e.g., based on the total weight-
ing of 70%) that the “happy” emotional state is the dominant
emotional state.

[0049] Insome embodiments, at step 440, the voice modi-
fication application 212 could determine multiple dominant
emotional states exhibited by the user. For example, and
without limitation, the voice modification application 212
could analyze verbal cues (e.g., based on a voice sample
112) to determine a first emotional state and could analyze
non-verbal cues (e.g., based on facial expressions) to deter-
mine a second emotional state. Then, if the voice modifi-
cation application 212 determines that the first emotional
state does not conflict with the second emotional state, both
the first emotional state and the second emotional state could
be designated as dominant emotional states. A non-limiting
example of conflicting emotional states includes a happy
emotional state and a sad emotional state. A non-limiting
example of non-conflicting emotional states includes a
happy emotional state and a nervous emotional state, or an
angry emotional state and a sad emotional state.

[0050] Next, at step 450, the voice modification applica-
tion 212 determines whether voice samples 112 acquired
from the user are to be modified locally (e.g., via a speaker
device 310) or remotely (e.g., via a listener device 320). If,
the voice modification application 212 determines that voice
samples 112 are to be modified locally, then the method 400
proceeds to step 460, where the voice modification appli-
cation 212 modifies one or more acoustic characteristics of
the voice sample 112 based on the dominant emotional
state(s). Additionally, at step 460, the voice modification
application 212 may generate one or more noise cancellation
signals based on the dominant emotional state(s) in order to
cancel out aspects (e.g., specific frequencies) of the voice
sample 112. Then, at step 465, the voice modification
application 212 outputs the modified voice sample 114, such
as by transmitting the modified voice sample 114 to a
listener device 320 and/or by outputting the modified voice
sample 114 via a speaker 120. The method 400 then returns
to step 410.

[0051] Returning to step 450, if the voice modification
application 212 determines that voice samples 112 are to be
modified remotely, then the method 400 proceeds to step
470, where the voice modification application 212 transmits
one or more voice samples 112 and data indicative of the
dominant emotional state(s) to a remote device, such as a
listener device 320. As described above, transmitting the
voice sample(s) 112 and data indicative of the dominant
emotional state(s) to a remote device enables a remote user
to determine how the voice samples 112 will be processed to
enhance, reduce, and/or change the affect in the voice
sample(s) 112. The method 400 then returns to step 410.
[0052] In sum, the voice modification application deter-
mines an emotional state of a user based on one or more
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types of sensor data. Next, the voice modification applica-
tion modifies a voice sample acquired from the user in order
to enhance, reduce, and/or change the affect of the voice
sample based on the emotional state. The voice modification
application then outputs the modified voice sample to a
listener.

[0053] At least one advantage of the techniques described
herein is that the affect in the voice of a speaker can be
enhanced to enable the speaker to more effectively convey
their emotional state and/or to assist a listener in more
effectively determining the emotional state of the speaker. In
addition, the affect in the voice of a speaker can be reduced
and/or changed, for example, and without limitation, to
mask an emotional state of the speaker. Moreover, the
emotional state of a speaker may be automatically deter-
mined via one or more types of sensor data, without requir-
ing interaction from the speaker or listener.

[0054] The descriptions of the various embodiments have
been presented for purposes of illustration, but are not
intended to be exhaustive or limited to the embodiments
disclosed. Many modifications and variations will be appar-
ent to those of ordinary skill in the art without departing
from the scope and spirit of the described embodiments.
[0055] Aspects of the present embodiments may be
embodied as a system, method or computer program prod-
uct. Accordingly, aspects of the present disclosure may take
the form of an entirely hardware embodiment, an entirely
software embodiment (including firmware, resident soft-
ware, micro-code, etc.) or an embodiment combining soft-
ware and hardware aspects that may all generally be referred
to herein as a “circuit,” “module” or “system.” Furthermore,
aspects of the present disclosure may take the form of a
computer program product embodied in one or more com-
puter readable medium(s) having computer readable pro-
gram code embodied thereon.

[0056] Any combination of one or more computer read-
able medium(s) may be utilized. The computer readable
medium may be a computer readable signal medium or a
computer readable storage medium. A computer readable
storage medium may be, for example, but not limited to, an
electronic, magnetic, optical, electromagnetic, infrared, or
semiconductor system, apparatus, or device, or any suitable
combination of the foregoing. More specific examples (a
non-exhaustive list) of the computer readable storage
medium would include the following: an electrical connec-
tion having one or more wires, a portable computer diskette,
a hard disk, a random access memory (RAM), a read-only
memory (ROM), an erasable programmable read-only
memory (EPROM or Flash memory), an optical fiber, a
portable compact disc read-only memory (CD-ROM), an
optical storage device, a magnetic storage device, or any
suitable combination of the foregoing. In the context of this
document, a computer readable storage medium may be any
tangible medium that can contain, or store a program for use
by or in connection with an instruction execution system,
apparatus, or device.

[0057] Aspects of the present disclosure are described
above with reference to flowchart illustrations and/or block
diagrams of methods, apparatus (systems) and computer
program products according to embodiments of the disclo-
sure. It will be understood that each block of the flowchart
illustrations and/or block diagrams, and combinations of
blocks in the flowchart illustrations and/or block diagrams,
can be implemented by computer program instructions.
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These computer program instructions may be provided to a
processor of a general purpose computer, special purpose
computer, or other programmable data processing apparatus
to produce a machine, such that the instructions, which
execute via the processor of the computer or other program-
mable data processing apparatus, enable the implementation
of the functions/acts specified in the flowchart and/or block
diagram block or blocks. Such processors may be, without
limitation, general purpose processors, special-purpose pro-
cessors, application-specific processors, or field-program-
mable processors or gate arrays.

[0058] The flowchart and block diagrams in the figures
illustrate the architecture, functionality, and operation of
possible implementations of systems, methods and computer
program products according to various embodiments of the
present disclosure. In this regard, each block in the flowchart
or block diagrams may represent 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 some alternative imple-
mentations, the functions noted in the block may occur out
of the order noted in the figures. 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 upon the functionality
involved. It will also be noted that each block of the block
diagrams and/or flowchart illustration, and combinations of
blocks in the block diagrams and/or flowchart illustration,
can be implemented by special purpose hardware-based
systems that perform the specified functions or acts, or
combinations of special purpose hardware and computer
instructions.

[0059] While the preceding is directed to embodiments of
the present disclosure, other and further embodiments of the
disclosure may be devised without departing from the basic
scope thereof, and the scope thereof is determined by the
claims that follow.

What is claimed is:

1. A non-transitory computer-readable storage medium
including instructions that, when executed by a processor,
configure the processor to modify an affect of a voice, by
performing the steps of:

determining an emotional state associated with a person;

modifying one or more acoustic characteristics of a voice

sample acquired from the person based on the emo-
tional state to alter an affect associated with the voice
sample;

generating a second voice sample based on the one or

more acoustic characteristics that have been modified;
and

transmitting the second voice sample.

2. The non-transitory computer-readable storage medium
of claim 1, wherein determining the emotional state associ-
ated with the person comprises analyzing visual sensor data
to determine one or more facial characteristics of the person.

3. The non-transitory computer-readable storage medium
of claim 1, wherein determining the emotional state associ-
ated with the person comprises analyzing the voice sample
to detect at least one acoustic characteristic reflective of the
emotional state.

4. The non-transitory computer-readable storage medium
of claim 3, wherein the at least one acoustic characteristic
includes at least one of a pitch, a vocal perturbation, a
loudness, and a speech rate.
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5. The non-transitory computer-readable storage medium
of claim 1, wherein determining the emotional state associ-
ated with the person comprises analyzing brain activity of
the person.

6. The non-transitory computer-readable storage medium
of claim 1, wherein modifying the one or more acoustic
characteristics of the voice sample comprises at least one of
increasing a pitch associated with the voice sample or
decreasing the pitch associated with the voice sample.

7. The non-transitory computer-readable storage medium
of claim 1, wherein modifying the one or more one acoustic
characteristics of the voice sample comprises at least one of
increasing a speed associated with the voice sample,
decreasing the speed associated with the voice sample,
increasing a loudness associated with the voice sample, or
decreasing the loudness associated with the voice sample.

8. The non-transitory computer-readable storage medium
of claim 1, wherein determining the emotional state com-
prises:

analyzing a first type of sensor data associated with the

person to determine a first emotional state;

assigning a first weighting to the first emotional state;

analyzing a second type of sensor data associated with the

person to determine a second emotional state;
assigning a second weighting to the second emotional
state;
analyzing a third type of sensor data associated with the
person to determine a third emotional state; and

assigning a third weighting to the third emotional state,
wherein the emotional state is based on the first emo-
tional state, the second emotional state, the third emo-
tional state, the first weighting, the second weighting,
and the third weighting.

9. The non-transitory computer-readable storage medium
of claim 1, wherein determining the emotional state associ-
ated with the person comprises receiving a selection of the
emotional state via a graphical user interface.

10. A system for modifying an affect of a voice, the
system comprising:

a microphone configured to acquire a voice sample from

the user,

one or more sensors configured to acquire sensor data

associated with the user;

a memory storing a voice modification application; and

a processor coupled to the microphone, the one or more

sensors, and the memory, wherein, when executed by

the processor, the voice modification application con-

figures the processor to:

determine a dominant emotional state associated with a
person based on the sensor data;

modify one or more one acoustic characteristics of the
voice sample based on the dominant emotional state
to alter an affect associated with the voice sample;

generate a second voice sample based on the one or
more acoustic characteristics that have been modi-
fied

transmit the second voice sample.

11. The system of claim 10, wherein the processor is
configured to determine the dominant emotional state asso-
ciated with the person by analyzing the voice sample to
detect at least one acoustic characteristic associated with the
dominant emotional state.

12. The system of claim 10, wherein the one or more
sensors comprise a camera, and the processor is configured
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to determine the dominant emotional state associated with
the person by analyzing one or more images acquired via the
camera to determine one or more facial characteristics of the
person.

13. The system of claim 10, wherein the one or more
sensors comprise a camera, and the processor is configured
to determine the dominant emotional state associated with
the person by analyzing one or more images acquired via the
camera to determine at least one of a gesture performed by
the person and a body posture of the person.

14. The system of claim 10, wherein the sensor data
comprises signals indicative of brain activity of the person,
and the processor is configured to determine the dominant
emotional state associated with the person based on the brain
activity.

15. The system of claim 14, wherein the signals indicative
of brain activity of the user comprise at least one of
electroencephalogram (EEG) signals, functional magnetic
resonance imaging (fMRI) signals, and functional near-
infrared spectroscopy (INIRS) signals.

16. The system of claim 10, wherein, when executed by
the processor, the voice modification application configures
the processor to determine the dominant emotional state
associated with the person by:

analyzing a first type of sensor data included in the sensor
data to determine a first emotional state;

analyzing a second type of sensor data included in the
sensor data to determine a second emotional state;

determining whether the first emotional state and the
second emotional state are conflicting emotional states;
and

based on determining that the first emotional state and the
second emotional state are conflicting emotional states,
selecting the first emotional state as the dominant
emotional state based on a weighting assigned to the
first type of sensor data.

17. The system of claim 10, wherein the second voice
sample comprises a noise cancellation signal, and wherein,
when executed by the processor, the voice modification
application configures the processor to transmit the second
voice sample by outputting the noise cancellation signal via
a speaker to modify a voice of the person.

18. A method for modifying an affect of a voice, the
method comprising:

acquiring sensor data associated with a person and a voice
sample from the person;

determining an emotional state associated with the person
based on the sensor data; and

transmitting data indicative of the emotional state and the
voice sample to a remote device.

19. The method of claim 18, wherein the sensor data
comprises at least one of an acoustic characteristic of the
voice of the person, a facial expression of the person, and
brain activity of the person.

20. The method of claim 18, wherein the remote device is
configured to modify the voice sample based on the emo-
tional state associated with the person to generate a second
voice sample, and output the second voice sample.
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