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(57) ABSTRACT

A method for haptic stimulation includes any or all of:
receiving an audio input; determining a set of parameters
based on the audio input; determining a set of stimulation
locations based on a collective set of energy parameters;
assigning a vibration intensity to a set of one or more haptic
actuators; and stimulating a user at the set of haptic locations
based on the vibration intensities. A system for haptic
stimulation includes an actuation subsystem having a set of
actuators.
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Example 1 (1st operation mode): actuate motors 1 and 2 with weighted intensities to produce an
illusion stimulation, wherein the overall intensity (which is used to determine the weighted
intensities) is determined based on / modulated by the energy of the maximum energy bin

Example 2 (2nd operation mode); actuate motors 1 and 2 {corresponding to 1st and 2nd highest
energies) simultaneously, wherein the 1st highest energy falls in a first band assigned to the 1st
motor, and the 2nd highest energy falls into a 2nd band assigned to the 2nd motor

Example 3 (3rd operation mode): after determining that the frequency of bin 3 corresponds to
tonal sounds, actuate motors 1 and 2 with weighted intensities to produce an illusion stimulation

FIGURE 3
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METHOD AND SYSTEM FOR HAPTIC
STIMULATION

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Application No. 62/958,169, filed 7 Jan. 2020; U.S.
Provisional Application No. 63/043,675, filed 24 Jun. 2020;
U.S. Provisional Application No. 63/104,944, filed 23 Oct.
2020; each of which is incorporated in its entirety by this
reference.

TECHNICAL FIELD

[0002] This invention relates generally to the sensory
output and signals processing fields, and more specifically to
a new and useful system and method for determining and
applying haptic stimuli in the sensory output and signals
processing fields.

BACKGROUND

[0003] Haptic stimulation (equivalently referred to herein
as tactile stimulation) of a user based on audio input(s) has
been shown to have several advantages in various use cases.
For individuals having hearing loss (e.g., partial hearing
loss, full hearing loss, etc.), haptic stimulation can provide
important information which the user might otherwise miss
or have difficulty interpreting. For hearing abled individuals,
haptic stimulation can provide more immersive experiences
(e.g., at concerts, in gaming, etc.).

[0004] Processing the audio in an efficient way to produce
intelligible haptic stimuli is challenging, however, and con-
ventional systems and methods fail to provide stimulation
which is easy to sense and be interpreted by the user in
different environments.

[0005] Thus, there is a need in the sensory output field to
create an improved system and method for conveying audio
information to a user through haptic stimulation.

BRIEF DESCRIPTION OF THE FIGURES

[0006] FIG. 1 is a schematic of a method for haptic
stimulation.

[0007] FIG. 2 is a schematic of a system for haptic
stimulation.

[0008] FIG. 3 depicts a variation of a set of processes for
mapping an audio input to a set of actuators.

[0009] FIG. 4 depicts a variation of a set of characteristics
associated with a set of operation modes.

[0010] FIGS. 5A-5C depict a specific embodiment of a
wristband system for haptic stimulation.

[0011] FIG. 6 depicts a schematic variation of communi-
cation between multiple processing systems.

[0012] FIG. 7 depicts an example embodiment of imple-
menting the method in one or more operation modes.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0013] The following description of the preferred embodi-
ments of the invention is not intended to limit the invention
to these preferred embodiments, but rather to enable any
person skilled in the art to make and use this invention.
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1. Overview

[0014] As shown in FIG. 1, the method 100 includes
receiving an audio input S105; determining a set of param-
eters based on the audio input S120; determining a set of
stimulation locations based on a collective set of energy
parameters S150; assigning a vibration intensity to a set of
one or more haptic actuators S160; and stimulating a user at
the set of haptic locations based on the vibration intensities
S170. Additionally or alternatively, the method 100 can
include any or all of: pre-processing the audio input S110;
organizing the audio input into a set of bins based on the set
of parameters S130; determining a set of sound parameters
associated with the set of bins S140; and/or any other
suitable processes.

[0015] Further additionally or alternatively, the method
100 can include any or all of the methods, processes,
embodiments, and/or examples described in U.S. application
Ser. No. 14/750,626, filed 25 Jun. 2015; U.S. application
Ser. No. 15/661,934; filed 27 Jul. 2017; U.S. application Ser.
No. 15/696,997, filed 6 Sep. 2017; and U.S. application Ser.
No. 17/033,433, filed 25 Sep. 2020; each of which is
incorporated in its entirety by this reference, or any other
suitable processes performed in any suitable order.

[0016] As shown in FIG. 2, a system 200 for haptic
stimulation includes an actuation subsystem having a set of
actuators. Additionally or alternatively, the system 100 can
include or configured to interface with any or all of: a haptic
device (equivalently referred to herein as a tactile device), a
housing, a sensor subsystem, a control module, a user
device, a client application executing on a user device, a
power source, a communication module, an electrical sub-
system, and/or any other suitable component(s).

[0017] Further additionally or alternatively, the system
200 can include any or all of the systems, components,
embodiments, and/or examples described in U.S. application
Ser. No. 14/750,626, filed 25 Jun. 2015; U.S. application
Ser. No. 15/661,934; filed 27 Jul. 2017; U.S. application Ser.
No. 15/696,997, filed 6 Sep. 2017; and U.S. application Ser.
No. 17/033,433, filed 25 Sep. 2020; each of which is
incorporated in its entirety by this reference, or any other
suitable processes performed in any suitable order.

2. Benefits

[0018] The system and method for haptic stimulation can
confer several benefits over current systems and methods.
[0019] Inafirst set of variations, the system and/or method
confers the benefit of implementing a set of environment-
specific algorithms that, in addition to conferring perfor-
mance enhancement over conventional algorithms, can tai-
lor the haptic stimulation to reflect any or all of: the most
important sounds for the user to detect, the most enjoyable
sounds for the user to detect, and the most environmentally-
relevant sounds for the user to detect. In a set of specific
examples, the system and method are implementable in a set
of operation modes, wherein the processing of audio per-
formed in each mode is specifically configured for the
environment (e.g., actual environment, predicted environ-
ment, etc.) of the user in that mode.

[0020] In a second set of variations, additional or alterna-
tive to the first, the system and/or method confers the benefit
of mapping a large range of audio features to a defined set
of haptic actuators in an intelligent, easily discernible way.
In a first set of specific examples, this is accomplished
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through illusion-based encoding. In a second set of specific
examples, this is accomplished through a sparsity constraint.
[0021] In a third set of variations, additional or alternative
to those described above, the system and/or method confers
the benefit of reducing and/or eliminating tinnitus experi-
enced by a user while using the system. In specific examples,
for instance, it has been shown that the application of haptic
stimulation to a body region of the user (e.g., wrist) can be
used as an effective treatment for tinnitus.

[0022] Additionally or alternatively, the system and
method can confer any other benefit.

3. System 200

[0023] The system 200 functions to apply haptic stimula-
tion to a user based on a set of audio inputs. Additionally or
alternatively, the system 200 can function process one or
more audio inputs, prioritize one or more features of a set of
audio inputs, and/or perform any other suitable function(s).
[0024] The system 200 preferably includes a haptic
device, wherein the haptic device includes an actuation
subsystem, which functions to apply haptic (e.g., vibratory)
stimulation to a user based on audio data in an environment
of the user. The actuation subsystem includes a set of
actuators, which collectively function to convey information
(e.g., audio information, visual information, etc.) through
haptic stimulation to a body region of the user. The body
region preferably includes a partial or full circumference of
a wrist of the user, but can additionally or alternatively
include any or all of: a hand, arm, finger, leg, torso, neck,
head, ankle, and/or any other suitable body part or body
region of the user.

[0025] The set of actuators can include one or more of: a
motor (e.g., brushless motor, brushed motor, direct current
(DC) motor, alternating current (AC) motor, eccentric rotat-
ing mass (ERM), etc.), an actuator (e.g., linear resonant
actuator (LRA), electroactive polymer (EAP) actuator, elec-
tromechanical polymer (EMP) actuator, etc.), a piezoelectric
device, and/or any other form of vibratory element. In a set
of actuators including multiple actuators, the actuators can
be arranged in an array (e.g., 1-dimensional array, 2-dimen-
sional array, 3-dimensional array, etc.), arranged at least
partially circumferentially around the body part (e.g., around
a wrist, around half of the circumference of the wrist, etc.),
arranged along the body part (e.g., up and down an arm),
arranged over a body region (e.g., over the user’s trunk,
stomach, etc.), arranged among different body parts of a user
(e.g., arranged around both wrists), and/or arranged in any
other suitable way. The vibratory elements can be directly
coupled to the skin of a user, separated from a user by an
element of the housing (e.g., the wristband), placed over a
user’s clothing, and/or coupled to the user in any other way.
In variations of the system configured to apply haptic
stimulation to a wrist of the user, the system preferably
includes 4 LRA actuators arranged around a portion of the
circumference (e.g., half the circumference) of the wrist.
Additionally or alternatively, the system can include actua-
tors circumscribing the entire wrist (e.g., 8 LRA actuators),
and/or any other suitable number and arrangement of actua-
tors.

[0026] The haptic device is preferably operable in a set of
modes, wherein the method 100 is performed in accordance
with one or more particular operation modes. The set of
operation modes can be associated with (e.g., designed for,
triggered by, performed in association with, etc.) any or all
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of: one or more temporal parameters (e.g., time of day), one
or more sensor inputs (e.g., motion and/or movement sen-
sors, optical sensors, contact sensors, etc.); user inputs
and/or user preferences (e.g., desire to detect particular types
of audio such as speech vs. traffic sounds); features of
detected audio (e.g., indicating that user is inside vs. outside,
that user is in bed, etc.); an on/off state of the haptic device;
and/or any other suitable information.

[0027] The operation modes can be any or all of: imple-
mented independently (e.g., haptic device is operable in a
single mode at each time, haptic device is operable in at most
a single mode at any given time, etc.), implemented simul-
taneously (e.g., daytime mode and speech mode imple-
mented together), and/or any combination. Further addition-
ally or alternatively, the haptic device can be implemented
in absence of an operation mode and/or in any other suitable
operation mode(s).

[0028] In a preferred set of variations, the haptic device is
operable in any or all of: an everyday mode designed for use
as a default and/or daytime mode (e.g., during user’s waking
hours, during average waking hours, based on a user’s
selection of his or her particular waking hours, as detected
based on a set of sensors, etc.), a night mode designed for
use while the user is sleeping and/or desiring only a subset
of sounds to be conveyed and/or emphasized (e.g., with
greater intensity of actuation), an entertainment (e.g., music
mode) which is designed to provide haptic stimulation
which enhances the user’s enjoyment of the entertainment
experience (e.g., rather than conveying interpretable infor-
mation, in addition to conveying interpretable information,
etc.), and/or any other modes.

[0029] Additionally or alternatively, the set of operation
modes can include one or more modes configured to process
and/or convey a particular type of audio (e.g., speech, beeps
and/or other potentially urgent/important sounds, music,
vehicles, etc.) and/or source of audio (e.g., speech from a
particular person such as a person in conversation with the
user). In some variations, for instance, the set of modes
includes a speech mode, which functions to convey speech
(e.g., phonemes) spoken by an individual (e.g., in an envi-
ronment of the user, in audio content such as a call/voice
message and/or video message and/or recording [e.g., pod-
cast]). Further additionally or alternatively, any or all of the
set of operation modes can be configured to not process
and/or not convey a particular type and/or source of audio
(e.g., constant insignificant sounds, speech, music, etc.).
[0030] Further additionally or alternatively, any or all of
the operation modes can be configured in any other suitable
ways.

[0031] The information provided to the user through the
set of actuators is preferably in the form of a set of
stimulation patterns (e.g., series of stimulation patterns),
wherein the stimulation patterns prescribe any or all of the
following to the set of actuators (e.g., individually, collec-
tively, etc.): amplitude/intensity of vibration, timing of
vibration (e.g., when to start, duration, when to end, etc.),
sequence of vibration, identification of which of the set of
actuators to vibrate, frequency of vibration, and/or any other
parameter(s) of stimulation. In preferred variations, the
stimulation pattern prescribes an amplitude of vibration and
a duration of vibration to one or more actuators of the set of
actuators, wherein each of the set of actuators is configured
to vibrate at a fixed frequency. Additionally or alternatively,
the stimulation pattern can prescribe a frequency of vibra-
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tion, a dynamic pattern of vibration (e.g., alternating
between actuators), and/or any other suitable characteristic
or parameter(s) of vibration.

[0032] The stimulation pattern(s) can optionally function
to convey speech (e.g., such that the user can engage in
conversation), music (e.g., composition of the music, “feel”
of the music, etc.), environmental sounds (e.g., nature
sounds, crosswalk indicator sounds, alarm clock, phone ring,
phone notification, vehicle driving, etc.), safety sounds
and/or alarms (e.g., smoke alarm, siren, vehicle horn, etc.),
and/or any other suitable sounds. The user of the device can
be any or all of: a user with partial or full hearing loss (e.g.,
using the system to assist in conversation, safely interact
with the environment, etc.), a user without hearing loss (e.g.,
to enhance a music experience, to supplement a musical
concert with a haptic experience, to enhance a gaming
experience, to provide redundant information in a supple-
mental form, etc.), a user with partial or full vision loss (e.g.,
to enhance auditory information, to provide a redundant
source of information, to highlight important sound sources,
etc.), or any other suitable user.

[0033] The stimulation pattern(s) can correspond to (e.g.,
represent) one or more phonetic (e.g., speech) components
(e.g., one or more frequency locations of a formant, peak
frequency amplitudes, phonemes, sub-phoneme compo-
nents, super-phoneme assemblies, morphemes, phones,
diphones, triphones, diphthongs, triphthongs, letter, word,
phrase, etc.) as well as one or more features of phonetic
components (e.g., phoneme pitch, phoneme energy, pho-
neme tone, phoneme emphasis, etc.). Additionally or alter-
natively, the stimulation pattern(s) can correspond to a
musical parameter (e.g., a musical note, chord, instrument,
rhythm, beat, cadence, etc.), and/or any other suitable audio
parameter (e.g., frequency of a siren, volume, etc.).

[0034] The actuation subsystem can include a haptic
driver (e.g., LRA driver) configured to actuate the set of
actuators according to the stimulation pattern. Additionally
or alternatively, the actuators can be actuated in any suitable
way with any other suitable component(s).

[0035] The haptic device preferably includes and/or
defines a housing, which functions to support the set of
actuators. The housing can additionally or alternatively
function to: suspend the set of actuators, maintain a sepa-
ration distance between the set of actuators, maintain an
offset (e.g., minimize, maintain a constant offset, etc.) of the
set of actuators from a skin surface of the user, conform to
a variety of users (e.g., conform to a variety of user wrist
sizes, flex to wrap around a user’s wrist, etc.), house other
components of the system (e.g., sensor subsystem, control
module, etc.), be comfortable to a user, enhance a vibration
of the actuators (e.g., minimize a dampening of the haptic
output), reduce direct sound transmission from the set of
actuators to a microphone, maintain an orientation of the
system on a user (e.g., prevent rotation of the support
subsystem on the wrist of a user), protect one or more
components (e.g., electronic components), assist in align-
ment of the support subsystem, and/or perform any other
suitable function. Additionally or alternatively, the haptic
device can be absent of a housing (e.g., with actuators
secured to skin using a temporary adhesive), include mul-
tiple housings, and/or be otherwise configured and/or
arranged.

[0036] In preferred variations, the housing is configured to
couple the actuation subsystem to a body region of the user
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(e.g., as described above). As such, the housing can include
and/or define any or all of: garment(s) (e.g., vest, sleeve, hat,
scarf, compression sleeve, etc.), fastener(s) (e.g., wristband,
anklet, strap, clasp, buckle, hook-and-loop fastener, etc.),
adhesives (e.g., to adhere the housing and/or the actuation
subsystem to a skin surface of the user), and/or any other
suitable components.

[0037] The system can include a sensor subsystem, which
includes at least a set of one or more microphones, which
individually and/or collectively sample audio information
from an environment of the user, which can be subsequently
analyzed (e.g., processed, assessed, etc.) to determine (e.g.,
create, select, etc.) a stimulation pattern to be applied at the
set of actuators. The set of microphones can include any or
all of: one or more omnidirectional microphones, one or
more unidirectional microphones, one or more bidirectional
microphones, and/or any other suitable microphones. The
set of microphones can optionally be used in combination
with one or more beamforming processes (e.g., beamform-
ing microphones), but can additionally or alternatively be
used in absence of beamforming and/or in any other suitable
implementations. The sensor subsystem can additionally or
alternatively include any other sensors, such as any or all of:
an optical sensor (e.g., camera), location sensor (e.g., GPS
system), motion sensor (e.g., accelerometer, gyroscope,
etc.), and/or any other suitable sensor(s).

[0038] Sensors can include: optical sensors such as cam-
eras (e.g., visual range, multispectral, hyperspectral, IR,
stereoscopic, etc.), location sensors (e.g., Global Positioning
System [GPS] sensors), orientation sensors (e.g., acceler-
ometers, gyroscopes, altimeters), acoustic sensors (e.g.,
microphones), motion and/or movement sensors (e.g.,
speedometer, accelerometer, etc.), optical sensors (e.g., pho-
todiodes, etc.), temperature sensors, pressure sensors, flow
sensors, vibration sensors, proximity sensors, chemical sen-
sors, electromagnetic sensors, force sensors, biological sen-
sors (e.g., electroencephalography [EEG] sensors, heart rate
sensors, etc.), contact (e.g., skin conductance) sensors, tem-
perature sensors, humidity sensors, temporal sensors (e.g.,
clock) and/or any other suitable type of sensor(s).

[0039] The sensor subsystem is preferably at least partially
arranged onboard the haptic device, but can additionally or
alternatively be arranged remotely from (e.g., separate and
distinct from) the haptic device, such as at another device or
set of devices (e.g., at a user device, at an external sensor
subsystem, etc.). In some variations, for instance, a first set
of sensors (e.g., microphone(s)) of the sensor subsystem is
arranged onboard the haptic device and a second set of
sensors (e.g., camera, motion/movement sensor, etc.), such
as an optional set of sensors, is arranged onboard a user
device. Additionally or alternatively, the sensors can be
otherwise arranged.

[0040] The sensors can optionally function to implement
and/or trigger one or more operation modes (and/or a
transition in operation mode) of the haptic device. This can,
include for instance, detecting any or all of: an environment
of'the user (e.g., user is inside, user is outside, with a camera,
user is with people, user is near cars, with a microphone,
with a location sensor, etc.), a time of day (e.g., with a clock,
with an optical sensor, etc.), that the user is awake and/or
sleeping (e.g., based on motion/movement sensors, based on
light level detected by an optical sensor, etc.), that the user
is listening to music (e.g., at a concert based on location
information, etc.), that the user is driving and/or in a vehicle
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(e.g., based on location information), and/or can detect any
other suitable information and/or environmental character-
izations of the user.

[0041] Additionally or alternatively, information opera-
tion modes can be triggered and/or implemented based on
information from one or more client applications (e.g.,
executing on a user device as shown in FIG. 6 in commu-
nication with the haptic device), such as, but not limited to,
any or all of: navigation applications (e.g., to indicate user
is driving), sleep applications, heart rate monitoring appli-
cations, alarm applications, music and/or podcast applica-
tions, video streaming applications, and/or any other suitable
applications. In some variations, for instance, information
from a sleep application executing on a user device (e.g.,
mobile phone) of the user can be used to trigger a night
operation mode of the haptic device.

[0042] The system can include a control module (e.g.,
within the housing, remote from the housing, onboard a user
device, etc.), which functions to apply a stimulation pattern
through the actuation subsystem. Additionally or alterna-
tively, the control module can function to determine one or
more stimulation patterns (e.g., at a computing subsystem),
store one or more stimulation patterns, monitor system
performance, implement a fail-safe (e.g., power shut-off in
the event of overheating or stimulation pattern parameter
above a predetermined threshold, alarm, etc.), and/or per-
form any other suitable function. The control module pref-
erably includes and/or interfaces with a processing system
(e.g., processors, microprocessors, central processing units
[CPUs], computing systems, etc.), wherein the processing
system functions to process the audio inputs and determine
a stimulation pattern with which to actuate one or more
actuators based on the audio inputs. At least a portion of the
processing system (e.g., one or more processing subsystems)
is arranged onboard the haptic device. Additionally or alter-
natively, any or all of the processing system can be arranged
remotely from the haptic device (e.g., at a user device, at a
remote computing system, etc.) and/or processing can be
performed at any suitable locations.

[0043] Determining a stimulation pattern can include any
or all of: determining a new stimulation pattern (e.g., based
on an algorithm, based on a machine learning model, etc.),
selecting a stimulation pattern (e.g., from a lookup table,
from a library, from a record of previously applied stimu-
lation patterns, etc.), determining a set of parameters asso-
ciated with a stimulation pattern (e.g., a set of weights for a
stimulation pattern algorithm, an amplitude a stimulation, a
frequency of stimulation, etc.), and/or any other suitable
stimulation pattern and/or parameter(s) associated with a
stimulation pattern.

[0044] The system 100 can optionally include and/or be
configured to interface with a user device and/or a client
application executing on the user device. The client appli-
cation preferably enables a user to select one or more
operational parameters of the system, such as any or all of:
an operation mode (e.g., music mode, conversation mode,
quiet mode, on mode, off mode, etc.), an operational param-
eter (e.g., sensitivity of detected audio, overall amplitude of
vibration, etc.), and/or any other suitable parameter.
Examples of the user device include a tablet, smartphone,
mobile phone, laptop, watch, wearable device (e.g., glasses),
or any other suitable user device. The user device can
include power storage (e.g., a battery), processing systems
(e.g., CPU, GPU, memory, etc.), user outputs (e.g., display,
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speaker, vibration mechanism, etc.), user inputs (e.g., a
keyboard, touchscreen, microphone, etc.), a location system
(e.g., a GPS system), sensors (e.g., optical sensors, such as
light sensors and cameras, orientation sensors, such as
accelerometers, gyroscopes, and altimeters, audio sensors,
such as microphones, etc.), data communication system
(e.g., a WiFi module, BLE, cellular module, etc.), or any
other suitable component.

[0045] Additionally or alternatively, the system can
include any or all of: a power source, a communication
module (e.g., a wireless communication module, Wifi chip,
Bluetooth chip, etc.), and/or any other suitable components.
[0046] The system 200 is preferably operable in a set of
operation modes, wherein the operation mode can determine
(e.g., select) a set of processes to implement during the
method 100. The operation modes can be any or all of:
selected by a user (e.g., at a client application of a user
device, at a web browser, at the haptic stimulation device,
based on user preferences and/or user-selected presets, etc.);
automatically determined, such as based on any or all of:
time of day, a deep learning model and/or set of predictive
algorithms, sensor information (e.g., as described above),
client applications (e.g., as described above), and/or any
other suitable information; determined based on a combi-
nation of these and/or otherwise determined. The processes
(e.g., algorithms) implemented for the modes can be distinct,
overlapping, and/or otherwise characterized.

[0047] Each of the operation modes is preferably opti-
mized for a particular environment of the user, which can
take into account any or all of: the types of sounds that the
user will likely be exposed to (e.g., speech, nature sounds,
music, gaming, quiet, loud, etc.); the importance of the
sounds that the user will likely be exposed to (e.g., critical
sounds such as emergency sounds/warning sounds, non-
critical sounds, conversation sounds for hearing-impaired
individuals, desired sounds, undesired sounds, etc.); an
activity of the user within the environment (e.g., gaming,
attending a concert, participating in a conversation, sleeping,
etc.); and/or any other suitable factors.

[0048] In a first set of preferred variations, the set of
operation modes includes a 1°* mode, which functions as a
default mode. The 1** mode preferably detects sounds at least
occurring in a daytime period (e.g., between 8 AM and 5
PM, after sunrise and before sunset, based on user presets
and/or preferences, etc.), such as sounds occurring in the
various environments that the user travels to throughout the
day. As such, various different types of sounds can be
received in the 1°* mode, which are subsequently processed
according to their respective energy levels, wherein the
sounds corresponding to the highest energy level(s) at any
given window of time are transformed into haptic stimula-
tion and provided to the user. Additionally or alternatively,
the 1°* mode can be otherwise triggered and/or implemented,
such as based on any or all of: a user location (e.g., at home,
at work, etc.), a user environment (e.g., detected based on
sensor information and/or audio features), any or all of the
information described above, and/or any other suitable
information.

[0049] The 1* mode (and/or any other mode) can be
automatically triggered based on: a time (e.g., time of day),
sensor information (e.g., optical sensor information), a
machine learning model (e.g., a deep learning model, a
neural network, a convolution neural network, etc.), and/or
any other suitable information. Additionally or alternatively,
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the 1% mode can be selected by a user (e.g., at a housing of
the device, based on a spoken command from the user,
selected at a client application, etc.), and/or otherwise deter-
mined.

[0050] In a first variation of the 1" mode, the 1°* mode is
referred to as an “everyday” mode, and is implemented (e.g.,
as selected by a user, as determined by a time of day, etc.)
as a default and at least during a daytime period of the user’s
day and/or at any other time(s) a user prefers a default mode.

[0051] Additionally or alternatively, the set of operation
modes can include a 2”4 mode, which functions to process
and convey sounds to the user for the user’s enjoyment
and/or entertainment, such as while the user is listening to
music (e.g., at home, at a concert, etc.). The 2"¢ mode can
optionally prioritize enjoyment over conveying interpretable
information, but can optionally include and/or prioritize
conveying interpretably information and/or performing any
other function. In some variations, the 2"¢ mode is config-
ured to bring out as much detail in the music as possible
(e.g., through a bins-to-bands process and/or through the
selection of floor and ceiling values) across a desired fre-
quency range (e.g., corresponding to music).

[0052] The 2"¢ mode can be automatically triggered based
on: a time (e.g., time associated with a concert of the user),
features of the audio input (e.g., corresponding to music), a
deep learning model, one or more sensor inputs, and/or any
other suitable information. Additionally or alternatively, the
2" mode can be selected by a user (e.g., at a housing of the
device, based on a spoken command from the user, selected
at a client application, etc.), and/or otherwise determined.

[0053] In a first variation of the 2”¢ mode, the 2" mode is
referred to as a music mode, and is implemented (e.g., as
selected by a user, as determined based on the features of an
audio input, etc.) while the user is listening to music and/or
any other audio for entertainment purposes.

[0054] Further additionally or alternatively, the set of
modes can include a 3™ mode, which functions to convey
critical (e.g., emergency, urgent, etc.) information to the
user. The 3"/ mode preferably detects sounds at least occur-
ring in the nighttime and/or when the user is sleeping, such
as sounds that would be important for a user to be made of
aware of (e.g., and awoken based on). As such, the sounds
converted into haptic stimulation during the 3™ mode pref-
erably include sounds related to emergencies (e.g., smoke
alarm, intruder, knocking on door, etc.) and/or alarms, which
can optionally be characterized as particularly tonal sounds.
Additionally or alternatively, the 3"/ mode can receive and
process any other suitable sounds.

[0055] The 3"“ mode can be automatically triggered based
on: a time (e.g., time of day), sensor information (e.g.,
optical sensor information), a deep learning model, and/or
any other suitable information. Additionally or alternatively,
the 3" mode can be selected by a user (e.g., at a housing of
the device, based on a spoken command from the user,
selected at a client application, etc.), and/or otherwise deter-
mined.

[0056] In a first variation of the 3 mode, the 3¢ mode is
referred to as a “night” mode, and is implemented (e.g., as
selected by a user, as determined by a time of day, etc.)
proximal in time to when the user is sleeping.

[0057] Additionally or alternatively, the set of operation
modes can include any other suitable modes (e.g., as
described above).
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[0058] In a first variation, the system 200 includes a set of
haptic actuators, a microphone, and a housing configured to
arrange the set of haptic actuators around a body region
(e.g., wrist region) of the user and is configured to be
operable in a set of operation modes, wherein the set of
operation modes includes: a 1° mode configured to be
implemented as a default daytime mode; a 24 mode con-
figured to be implemented while the user is listening to
music or while in other entertainment environments; and a
3"/ mode configured to be implemented while the user is
sleeping.

[0059] In specific examples, the system includes any or all
of the systems, components, embodiments, and/or examples
described in U.S. application Ser. No. 17/033,433, filed 25
Sep. 2020, which is incorporated herein in its entirety by this
reference.

4. Method 100

[0060] The method 100 functions to apply haptic stimu-
lation to a body region of a user based on a set of audio
inputs and optionally an operation mode in which the
associated system is operating. Additionally or alternatively,
the method 100 can function to convey audio information to
a user; enhance a user’s enjoyment of an experience (e.g.,
concert, gaming, etc.); and/or perform any other suitable
function(s).

[0061] The method 100 is preferably performed in accor-
dance with a set of operation modes, such as any or all of
those described above. The method 100 is further preferably
performed with a system 200 as described above, but can
additionally or alternatively be performed with any other
suitable system(s).

[0062] In preferred variations, the method 100 is per-
formed at least in part with a processing system of the
system (e.g., as described above), but can additionally or
alternatively be performed with any other suitable compo-
nents.

[0063] 4.1 Method: Receiving an audio input S105
[0064] The method 100 includes receiving an audio input
S105, which functions to receive an input with which to
perform any or all of the subsequent processes of the
method, thereby determining a haptic stimulation based on
the audio input to provide to a user.

[0065] S105 is preferably performed multiple times during
operation of the haptic device, such as any or all of:
continuously, at a predetermined frequency (e.g., every
second, between every millisecond and every 10 millisec-
onds, between every 10 milliseconds and every 100 milli-
seconds, between every 100 milliseconds and 1 second,
between every second and 5 seconds, between every 5 and
10 seconds, etc.), at a set of random intervals, and/or at any
other suitable time(s). Additionally or alternatively, S105
can be performed in response to one or more triggers, once,
any number of times, and/or at any other suitable times
during the method 100.

[0066] The audio input is preferably in the form of an
audio signal, further preferably an audio waveform, wherein
the audio waveform can be processed in accordance with
any or all of the subsequent processes of the method.
Additionally or alternatively, any other suitable audio input
(s) can be received.

[0067] The audio input is preferably received at a micro-
phone of a sensor subsystem of the system, such as a
microphone onboard a housing of a wearable system, but
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can additionally or alternatively be received from a micro-
phone of a separate sensor subsystem (e.g., onboard a user
device), a remote computing system, and/or any other suit-
able sensor or information source.

[0068] In a variation, S105 includes receiving an audio
input at a predetermined sampling frequency at one or more
microphones of the haptic device.

[0069] 4.2 Method: Pre-Processing the Audio Input S110
[0070] The method 100 can optionally include pre-pro-
cessing the audio input S110, which functions to prepare the
audio input for any or all of the processes described below.
[0071] S110 is preferably performed in response to S105
and prior to S120, but can additionally or alternatively be
performed at any other time(s) during the method 200. S110
is preferably performed at least once during the method 100
(e.g., each time S105 is performed), but can additionally or
alternatively be performed any or all of: once, multiple times
(e.g., continuously, at a predetermined frequency, at a pre-
determined set of intervals, at random intervals, etc.), in
response to a trigger, and/or at any other suitable times.
[0072] The processes involved in S110 can be performed
in any suitable order, and/or any or all of the processes can
be performed a single time, multiple times, and/or any other
suitable number of times.

[0073] S110 can optionally include filtering the audio
input, which can function to remove noise (e.g., motor
noise), unimportant audio features, audio artifacts (e.g.,
audio artifacts caused by reflections, audio features resulting
from multiple microphones picking up the same signal at
different positions, etc.), and/or any other features of the
audio input. In preferred variations, the audio input is
filtered to eliminate motor noise (e.g., resonant frequencies
of the set of haptic actuators) and its harmonics from the
audio input. In a specific example, the filtering is performed
with a comb filter; additionally or alternatively, any other
suitable filter(s) can be used, such as, but not limited to, any
or all of: low-pass filters, high-pass filters, cutoff frequency
filters, bandpass filters, center frequency filters, passband
filters, bandwidth filters, quality factor (Q) filters, resonance
filters, equalization (EQ) filters, and/or any other suitable
filters.

[0074] Additionally or alternatively, the method 200 can
be performed in absence of this filtering and/or any other
filtering.

[0075] S110 can include performing a windowing of the
audio data, which functions to separate the audio signal into
a set of discrete samples, which can then be individually
processed and encoded into a haptic stimulus at one or more
of the set of actuators. In variations of the method including
a Fourier transform process or other transform process of the
audio data, the windowing preferably functions to mitigate
and/or minimize the artifacts that can occur as a result of not
integrating the transform over infinite time, such as through
producing overlapping windows. Alternatively, the windows
can be non-overlapping. The resulting windows can include
any suitable windows, such as, but not limited to Hann
windows. Additionally or alternatively, S110 can be per-
formed with any other suitable processing, performed in
absence of windowing, and/or can be otherwise performed.
[0076] S110 preferably includes performing a transform
process of (transforming) the audio input, further preferably
a Fourier transform process (e.g., fast Fourier transform
[FFT]), which functions to determine a set of frequencies
associated with the audio input. Additionally or alterna-
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tively, the transform process can include any or all of: a
discrete cosine transform; a neural network; and/or any other
suitable processes. Further additionally or alternatively, the
audio input can be received in S105 in any domain (e.g.,
frequency), the audio input can transformed into any other
domain (e.g., time), S110 can include multiple transforms,
S110 can be performed in absence of a transform, and/or the
audio can be otherwise processed.

[0077] S110 preferably includes correcting (e.g., calibrat-
ing, filtering, etc.) the audio input based on white noise, such
as with the results a white noise spectral calibration process,
which functions to prevent audio corresponding to white
noise from being processed and/or conveyed to the user
through haptic stimulation. Additionally or alternatively, the
spectral calibration process can function to flatten the
device’s frequency response for features corresponding to
the device’s own acoustical properties. In some variations,
the white noise spectral calibration process includes any or
all of: introducing (e.g., flooding in) white noise (e.g., a
uniform distribution audio signal with all frequencies rep-
resented, actual white noise, simulated white noise, etc.) to
the system; determining a spectrogram associated with the
white noise; and calibrating the system such that the spec-
trogram is registered as being flat. Incoming audio being
pre-processed in S110 can then be corrected based on the
spectrogram determined in the spectral calibration process.
This correction process can be performed once (e.g., during
manufacture of the system, prior to the system being used by
the user, during an onboarding process, etc.); multiple times
(e.g., routinely, at a predetermined frequency, randomly,
upon detecting that a recalibration is needed, etc.); continu-
ously, and/or at any other suitable time(s). The correction
process can be performed for all frequencies together, each
frequency band individually as determined by a Fourier
transform process, and/or for any other frequencies.

[0078] In a first variation, the spectral calibration process
is the same across all devices of the same type (e.g.,
designed for the particular device model). In a second
variation, the spectral calibration process is performed for
each device.

[0079] The spectral calibration process can optionally
additionally or alternatively be performed for each user,
which can function, for instance, to calibrate the haptic
device to the environment of the user. Additionally or
alternatively, the spectral calibration process can be any or
all of: performed for each operation mode, performed mul-
tiple times (e.g., routinely to recalibrate), performed in
response to a trigger, and/or otherwise performed. Further
additionally or alternatively, the same calibration process
can be performed for all haptic devices and/or S110 can be
performed with any other suitable calibration process(es).

[0080] Additionally or alternatively, S110 can include any
other suitable pre-processing, such as buffering and/or any
other suitable processes.

[0081] In a first variation, S110 includes any or all of:
filtering the audio input (e.g., to remove noise), windowing
the audio input, transforming the audio input, removing
white noise from the audio (e.g., with a spectral correction),
and/or any other suitable processes performed in any suit-
able order. In a set of specific examples, S110 includes
filtering the audio input with a comb filter, windowing the
audio input into a set of windows with a Hann windowing
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process, transforming the audio input into the frequency
domain with an FFT, and correcting the audio input to
remove white noise.

[0082] 4.3 Method: Determining a Set of Parameters
Based on the Audio Input S120

[0083] The method 100 includes determining a set of
parameters based on the audio input S120, which functions
to quantify the contents of the audio input in order to
determine a set of haptic stimuli to provide to the user.

[0084] S120 is preferably performed in response to S110
(e.g., with a pre-processed audio input), but can additionally
or alternatively be performed at any or all of: in response to
S105 (e.g., in absence of S110), as part of S110, multiple
times throughout the method 100 (e.g., continuously, at a
predetermined frequency, etc.), in response to a trigger,
and/or at any suitable time(s). Further additionally or alter-
natively, the method 100 can be performed in absence of
S120.

[0085] S120 preferably includes at least determining a set
of frequencies of the audio input and a set of energies (e.g.,
amplitudes) associated with the set of frequencies. The
frequencies and energies (e.g., amplitudes), which can
optionally be represented as (e.g., stored as) a set of (fre-
quency, energy) pairs, are preferably determined at least
based in part based on a transform process of S110 as
described above, but can additionally or alternatively be
otherwise determined. Further additionally or alternatively,
any other suitable parameters (e.g., temporal parameters,
power, etc.) can be determined.

[0086] S120 can optionally additionally or alternatively
include determining a set of aggregated parameters (e.g.,
average frequency, median frequency, minimum frequency,
maximum frequency, average energy, median energy, mini-
mum energy, maximum energy, etc.), such as any or all of
those described below.

[0087] In a first set of variations, S120 includes determin-
ing a set of frequencies present in the audio input (e.g., with
a transform as performed in S110) and a set of energies
associated with the set of frequencies (e.g., with the same
transform).

[0088] 4.4 Method: Organizing the Audio Input Based on
the Set of Parameters S130

[0089] The method 100 can optionally include organizing
the audio input based on the set of parameters S130, which
functions to enable a comparison between and/or a priori-
tization of the determined set of audio parameters (equiva-
lently referred to herein as audio features or features).
Additionally or alternatively, S130 can function to provide
information associated with location(s) at which haptic
stimulation should be applied during subsequent process(es)
of the method, eliminate any or all of the audio input (e.g.,
particular frequency/energy pairs) from further processing,
update one or more parameters associated with the haptic
device (e.g., a floor and/or ceiling as described below),
and/or can perform any other suitable functions.

[0090] S130 is preferably performed in response to S120,
wherein the audio input is organized based on any or all of
the parameters determined in S120. Additionally or alterna-
tively, S130 can be performed at any or all of: in response
to S110 (e.g., in absence of S120), as part of S120, multiple
times during the method 100 (e.g., continuously, at a pre-
determined frequency, iteratively, etc.), and/or at any other
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suitable times during the method. Further additionally or
alternatively, the method 100 can be performed in absence
of S130.

[0091] S130 preferably includes organizing the audio
input into a set of groupings, equivalently referred to herein
as bins, based on a set of parameters associated with the
audio input (e.g., those determined in S120). Additionally or
alternatively, S130 can include any other suitable organiza-
tional processes.

[0092] The set of bins are preferably associated with a set
of frequencies, wherein the bins (equivalently referred to
herein as frequency bins) organize the audio input according
to frequency. Additionally or alternatively, the bins can
organize the audio input based on any other suitable param-
eter(s) (e.g., time, energy, etc.). The set of bins are further
preferably predetermined, but can additionally or alterna-
tively be dynamically determined and/or otherwise deter-
mined.

[0093] In preferred variations, the audio data is organized
into frequency bins based on the frequencies determined in
S120, wherein each bin represents a range of frequencies.
The set of bins are preferably equal in size (e.g., same range
of frequencies in each bin), equivalently referred to herein as
width, but can alternatively have different sized frequency
ranges (e.g., based on a logarithmic or other non-linear bin
size). The bins can be overlapping, non-overlapping, or
otherwise arranged. In a set of specific examples, each
frequency bin effectively contains a set of complex values
representing an (energy, phase) pair of a sine wave corre-
sponding to a frequency of the bin, wherein a magnitude of
the (energy, phase) pair can be taken (e.g., in S130, in S120,
etc.) to determine an energy.

[0094] The bins can optionally be further organized into a
set of bands, wherein each band preferably includes multiple
bins but can alternatively include a single bin. In some
variations, for instance, the number of bands is equal to the
number of actuators of the haptic device, wherein each of the
bands includes a range of frequencies and includes all bins
within that range of frequencies (e.g., as referenced in
Example 3 of FIG. 2). Additionally or alternatively, the
bands can be otherwise defined, the bins can be otherwise
organized, and/or S130 can be performed in absence of
S130.

[0095] In a first set of variations, the audio data (e.g.,
pre-processed audio data) is organized into a set of equal-
width frequency bins based on the frequency parameters
determined in S120.

[0096] In a specific example, the audio data is organized
into a set of 128 equal-width frequency bins covering a
range between 0 and 8 kHz.

[0097] In a second set of variations, the audio data (e.g.,
pre-processed audio data) is organized into a predetermined
set of variable sized bins.

[0098] In athird set of variations, the frequencies assigned
to each bin and/or the bin sizes are dynamically determined
based on the received audio input (e.g., based on a minimum
and maximum frequency value of the audio input).

[0099] 4.5 Method: Determining a Set of Parameters
Associated with the Set of Bins S140

[0100] The method 100 can optionally include, for each
bin, determining a set of sound parameters S140 associated
with the set of bins, which functions to prioritize which
features of the audio input to convey (e.g., directly, indi-
rectly, etc.) to the user through haptic stimulation.
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[0101] S140 is preferably performed in response to S130
but can additionally or alternatively be performed at any or
all of: as part of S130, multiple times during the method 100
(e.g., continuously, at a predetermined frequency, etc.)
[0102] The set of sound parameters (equivalently referred
to herein as a second set of parameters) preferably include
a set of energy parameters, which can be chosen from the set
of energy parameters previously determined. Additionally or
alternatively, any or all of the set of energy parameters can
be calculated or otherwise determined based on one or more
of the energy parameters described above, such as through
a set of algorithms, a mapping, a model (e.g., deep learning
model), referenced from a lookup table, and/or otherwise
determined (e.g., based on other parameters).

[0103] The set of energy parameters preferably includes a
maximum energy associated with one or more frequencies
(e.g., single frequency, frequency associated with a bin,
mean bin frequency, etc.). The maximum energy can be an
overall maximum energy, the maximum energy associated
with a bin, the maximum energy associated with a set of
multiple bins (e.g., a band of bins, the set of bins corre-
sponding to a haptic actuator, etc.), and/or any other suitable
maximum. Additionally or alternatively, the set of energy
parameters can include any or all of: a minimum energy, a
mean energy (e.g., a mean energy of a bin), a median energy,
a variance of energy (e.g., variance of energy of a bin), a
historical energy (e.g., previous bin energy), and/or any
other suitable parameters. Further additionally or alterna-
tively, any or all of the parameters determined in S140 can
be parameters other than energy parameters.

[0104] The sound parameters can additionally or alterna-
tively include one or more parameters associated with a
characteristic of and/or type of sound, such as a tonality of
the sound(s) (tonal sound). In variations of the method
implemented during one or more operation modes (e.g., a 3"
operation mode such as night mode), for instance, sound
parameters corresponding to highly tonal sounds—sounds
concentrated in a particularly narrow part of the audio
spectrum and/or having a high proportion of energy at a
single frequency and/or small range of frequencies—are
prioritized for stimulation, as these can indicate important
sounds for a user to be made aware of while sleeping, such
as any or all of: alarms (e.g., alarm clock, smoke alarm,
security alarm, etc.), alerts, notifications (e.g., ringtone),
machinery (e.g., motors), and/or other sounds. In specific
examples, for instance, tonal sounds from a cellphone ring
can be distinguished from and optionally prioritized over
non-tonal sounds such as sheets rubbing and/or persons
breathing, even though the non-tonal sounds may exceed an
energy/loudness threshold (e.g., as described below), for
instance.

[0105] Tonal sounds are preferably identified through the
determination of an entropy, such as—but not limited to—a
Wiener entropy (e.g., determined from a Wiener process)
and/or other spectral flatness feature, wherein the smaller the
value of the entropy, the more tonal (e.g., peaky) the sound
is. In some variations, for instance, prior to selecting a bin
with the largest energy for stimulation, the associated Wie-
ner entropy is calculated and compared with a threshold. In
an event that the entropy value is less than the threshold
(e.g., 0.1, less than 0.1, greater than 0.1, etc.), the bin can be
passed through to subsequent processing.

[0106] S140 can optionally include tracking one or more
energy parameters, such as any or all of those described
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above, and/or any other suitable parameters, which can
function to set a floor and/or a ceiling described below. In
some variations (e.g., during a 1°* operation mode, during a
3’7 operation mode, etc.), for instance, a mean energy
parameter (e.g., mean energy of each bin, mean energy of the
largest energy bin, mean energy of all bins collectively,
mean energy of the largest energy bin in each band, etc.) and
a variance of energy parameter (e.g., variance of energy of
each bin, variance of energy of the largest energy bin,
variance of energy of all bins collectively, variance of energy
of the largest energy bin in each band, etc.) are tracked.
Tracking these parameters preferably includes storing (e.g.,
temporarily storing, permanently storing, caching, etc.) a set
of their values (e.g., most recent value, an aggregated value
based on historical values, an average value, a predicted
value, etc.) at any or all of: storage or memory onboard a
component of the system (e.g., at the housing, at a user
device, etc.); remote storage or memory (e.g., at a remote
server); and/or at any other suitable storage. In specific
examples, during each of the 1°* and 3" operation modes, a
mean energy of each frequency bin and the variance of
energy of each frequency bin is tracked and used to establish
at least one of a floor and a ceiling, which are subsequently
used to determine one or more vibration intensities in
subsequent processes of the method.

[0107] Additionally or alternatively, S140 can optionally
include comparing one or more of the set of parameters,
such as energy parameters and/or any other parameters
associated with the audio input (e.g., frequency), with a set
of thresholds, which can function to either pass an energy
parameter through to subsequent processes of the method or
eliminate it from consideration. The thresholds can include
any or all of: a set of decibel (dB) thresholds (e.g., minimum
dB, maximum dB, etc.); a set of noise thresholds (e.g.,
maximum noise threshold, minimum noise threshold, etc.),
such as a set of motor noise thresholds; a set of sensitivity
thresholds (e.g., loudness sensitivity, tonality sensitivity,
etc.); a tonality threshold (e.g., as described above); and/or
any other suitable thresholds.

[0108] In preferred variations, a set of frequency bins
associated with the highest energy are compared with a set
of thresholds. Additionally or alternatively, any other suit-
able parameters can be compared with a set of thresholds.

[0109] The set of thresholds applied and/or the parameters
associated with the thresholds can optionally be determined
based on the operation mode of the device. Additionally or
alternatively, the set of thresholds and/or parameters can be
applied independently of an operation mode and/or other-
wise applied.

[0110] The thresholds applied and/or the threshold values
can be any or all of: different for each bin, the same across
all bins, and/or any combination.

[0111] The set of thresholds can include a sensitivity
threshold. The sensitivity threshold preferably functions to
check that the energy parameter(s) could be detected by a
user, but can additionally or alternatively perform any other
suitable function(s). The sensitivity threshold can be any or
all of: selected by a user, such as during onboarding of the
user to the device; determined through testing, such as
through the application of one or more haptic stimuli and a
set user responses indicating whether or not the user felt the
stimulation; hard coded (e.g., in firmware of the stimulation
device); stored and retrieved (e.g., in a lookup table, at
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storage of a user device, etc.); predetermined (e.g., constant
for all users); and/or otherwise determined.

[0112] The sensitivity can refer to any or all of: a sensi-
tivity of sound, such as a minimum level (e.g., volume,
loudness, tonality, etc.) of sound that a user would want
translated into haptic stimulation; a sensitivity of haptic
stimulation, such as a minimum level of haptic stimulation
that a user can perceive; and/or any other type of sensitivity.
Additionally or alternatively, the sensitivity can be associ-
ated with a particular type of sound, such as a tonality. In
some variations, for instance, a user can select a sensitivity
level associated with tonal sounds in one or more operation
modes (e.g., night mode), wherein tonal sounds associated
with a parameter (e.g., degree of tonality) above the thresh-
old can be conveyed to the user (e.g., pending other thresh-
olds, independent of other thresholds, etc.). The sensitivity
can be constant across all modes, different across modes
(e.g., greatest for a night mode, greatest for a music mode,
etc.), and/or have any other values.

[0113] In some variations, the user chooses from a base-
line sensitivity, a low sensitivity, and a high sensitivity
during an onboarding process.

[0114] In a first set of specific examples, the sensitivity
selection is related to a loudness (e.g., in dB) of sounds
which pass the sensitivity threshold. This is preferably
implemented in the default mode (e.g., 1°* mode/everyday
mode), but can additionally or alternatively be implemented
in any other suitable modes.

[0115] In a second set of specific examples, additional or
alternative to the first set of specific examples, the user can
make a sensitivity selection associated with the tonality of
sound required to pass a threshold. This is preferably imple-
mented in the night mode and/or an emergency mode, but
can additionally or alternatively be implemented in any
other suitable modes.

[0116] The set of thresholds can optionally additionally or
alternatively include a motor noise threshold, which can
function to mitigate feedbacking, such as what occurs when
motor noise is picked up by a microphone of the device and
causes runaway feedback. The value(s) associated with the
motor noise threshold are preferably predetermined based on
testing of the motors in an isolated environment (e.g., a quiet
box) and detecting the sound level of the motor noise alone.
The motor noise threshold can be set at this sound level such
that energy parameters associated with a sound less than this
threshold are eliminated from further processing. The motor
noise threshold can be a collective threshold for all bins,
specific to a particular frequency bin, independent of fre-
quency bins, and/or otherwise associated.

[0117] Further additionally or alternatively, the set of
thresholds can include a tracked value threshold based on a
tracked value (e.g., running mean) associated with the
energy parameter (and/or any other parameters). The tracked
value threshold can function, for instance, to eliminate
constant noises in the environment of the user (e.g., constant
hum of an AC unit) from being converted into haptic
stimulation. In some variations, the 3’ threshold specifies
that the running energy mean (e.g., of a frequency bin) must
be exceeded (e.g., by a predetermined threshold) in order for
the energy parameter to pass through to further processing.
Additionally or alternatively, the 3™ threshold can be oth-
erwise implemented. In a set of specific examples, the
tracked value threshold is checked in the 1°? and 37 modes,
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but not in the 2*¢ mode. Additionally or alternatively, the
tracked value threshold can be checked in any suitable
modes or in no modes.

[0118] Further additionally or alternatively, the set of
thresholds can include a tonality threshold, wherein bins
and/or other portions of the audio input having a tonality
below a predetermined threshold are eliminated from further
processing and/or actuation. This threshold is preferably
implemented in a night mode, but can additionally or
alternatively be implemented in any other suitable modes.

[0119] In a first variation, S140 includes determining a set
of maximum energy parameters associated with the orga-
nized bins and checking the set of maximum energy param-
eters against a set of thresholds, wherein in an event that the
energy parameters do not satisfy (e.g., exceed) the thresh-
olds, the maximum energy parameters are eliminated from
further consideration in subsequent processes of the method.
[0120] Ina first set of specific examples associated with an
everyday operation mode and/or a music mode, the set of
thresholds includes any or all of: a motor noise threshold
(e.g., hardcoded/predetermined and constant among all
bins), a running mean of energy for each bin (e.g., calculated
for each bin), and a predetermined loudness threshold deter-
mined based on a user preference (e.g., loudness sensitivity
level selected by the user). Additionally or alternatively, the
thresholds can include any other suitable thresholds and/or
can be implemented in any other modes (e.g., night mode).
[0121] Inasecond set of specific examples associated with
a night operation mode, the predetermined loudness thresh-
old is replaced with a tonality threshold and/or a sound type
threshold (e.g., corresponding to a baby crying), which can
optionally be determined based on a user preference (e.g.,
tonality sensitivity level selected by the user).

[0122] Additionally or alternatively, the tonality threshold
and/or sound type threshold can be used in conjunction with
a loudness threshold, any other modes can implement a
tonality threshold and/or a sound type threshold, and/or the
modes can be otherwise implemented.

[0123] 4.6 Method: Determining a Set of Stimulation
Locations Based on the Collective Set of Energy Parameters
S150

[0124] The method 100 can include determining a set of
stimulation locations based on the collective set of energy
parameters S150, which functions to determine where (e.g.,
at which actuators) to stimulate the user and/or at what
intensities to actuate the actuators (e.g., in an event of
illusion-based stimulation).

[0125] S150 is preferably performed in response to S140,
but can additionally or alternatively be performed in absence
of S140, as part of S140 and/or concurrently with S140,
prior to S140, multiple times, and/or at any other suitable
times.

[0126] The stimulation locations can be actual stimulation
locations which correspond to areas proximal the set of
actuators (e.g., in contact with, underneath, above, etc.);
virtual locations based on illusion-based haptic effects;
and/or any other suitable locations. In some variations, the
locations for the 2”¢ mode correspond to locations proximal
to haptic actuators, whereas the locations for the 1 and 3¢
modes can correspond to either locations proximal to haptic
actuators or locations in-between haptic actuators, which are
stimulated through illusion-based encoding.

[0127] The stimulation locations are preferably deter-
mined based on one or more virtual mappings, which map
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the range of possible frequencies to a virtual location space
corresponding to the region of the housing which can
actually apply stimulation and/or apply stimulation through
illusion stimulation. The virtual location space can be 1-di-
mensional (e.g., corresponding to single actuator), 2-dimen-
sional (e.g., for a strip of actuators, in a wristband housing,
etc.), 3-dimensional (e.g., for a vest, etc.), and/or can include
any other arrangement of any suitable dimensionality. The
mapping can be linear, logarithmic, and/or any other suitable
mapping.

[0128] The number of potential stimulation locations can
be any or all of: equal to the number of actuators, greater
than the number of actuators (e.g., in illusion-based encod-
ing), equal to the number of frequency bins, and/or can
include any number of suitable potential locations. The
subset of potential stimulation locations selected for stimu-
lation preferably correspond to the frequencies associated
with the highest energy or energies. The set of one or more
locations can include any or all of: a single location asso-
ciated with the highest energy; a predetermined number of
locations (e.g., corresponding to the 2 highest energy bins);
a dynamically determined number of locations, such as any
number of locations associated with a frequency having an
energy above a predetermined threshold; and/or any other
suitable number of locations can be selected.

[0129] Selecting the stimulation locations can optionally
include applying a sparsity constraint, which functions to
select a predetermined set of multiple actuators to apply
stimulation for each window of audio input. The sparsity
constraint is preferably only implemented in the 2" mode,
but can additionally or alternatively be implemented in any
mode, combination of modes, and/or not implemented at all.
In some variations, for instance, a predetermined number of
haptic actuators (e.g., 2 out of 4 for a haptic wristband, less
than 2, greater than 2, 50%, less than 50%, greater than 50%,
etc.) corresponding to the highest energy frequencies (e.g.,
through a bin to band mapping as described below) are
selected for haptic actuation. Additionally or alternatively, a
spatial pattern can be used to select locations when imple-
menting a sparsity constraint. Haptic actuators can be
selected in an alternating fashion, a directional fashion (e.g.,
the left half] the right half] etc.), and/or based on any other
pattern or rule.

[0130] In some variations, such as those implemented in
either a 1% or a 3rd operation mode, one or more locations
of haptic stimulation are chosen based on a set of one or
more frequencies associated with high energy and a map-
ping from the set of frequencies to a virtual location space
spanning a region of stimulation (e.g., wristband). In specific
examples, the frequency bin having the highest energy is
mapped to the virtual location space.

[0131] In some variations, such as those implemented in
the 2" operation mode, the set of frequency bins are first
mapped to a set of bands, wherein the set of bands is
preferably equal to the number of actuators but can addi-
tionally or alternatively be less than the number of actuators,
greater than the number of actuators, or have any other
number. The band having a bin with the highest energy is
chosen for stimulation, and the stimulation location is at an
actuator corresponding to the band. Additionally, in the
event of a sparsity constraint, one or more other actuators
can be chosen. Further additionally or alternatively, loca-
tions between actuators can be selected for stimulation (e.g.,
illusion stimulation).
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[0132] Additionally or alternatively, locations can be pre-
determined and/or otherwise determined.

[0133] 4.7 Method: Assigning a Vibration Intensity to a
Set of One or More Haptic Actuators S160

[0134] The method 100 can include assigning a vibration
intensity to a set of one or more haptic actuators S160, which
functions to enable appropriate (e.g., discernible, interpre-
table, enjoyable, etc.) haptic stimulation to be applied to the
user. Additionally or alternatively, the vibration intensities
determined in S160 can function to enable discrepancies to
be felt between different actuators, between the same actua-
tor at different times, take into account the general sound
environment of the user, and/or incorporate any other fac-
tors.

[0135] The vibration intensity preferably refers to an
amplitude of vibration of an actuator, but can additionally or
alternatively refer to any other suitable parameters. In a set
of specific examples, the actuators include LRAs, wherein
the LRAs can vibrate at a fixed frequency (e.g., a frequency
between 100 and 200 Hz, a frequency less than 100 Hz, a
frequency greater than 200 Hz, etc.) and a variable ampli-
tude. Additionally or alternatively, the intensity can refer to
any other parameters and/or the actuators can be otherwise
controlled.

[0136] S160 is preferably performed in response to S150
but can additionally or alternatively be performed in absence
of S150, as part of S150 and/or concurrently with S150,
prior to S150, multiple times, and/or at any other suitable
times.

[0137] The vibration intensity is preferably based on an
energy parameter associated with the location and a vibra-
tion mapping associated with the haptic actuator(s) to be
actuated. The vibration mapping can be any or all of: a linear
mapping, a logarithmic mapping, a mapping based on an
algorithm and/or a deep learning model, a lookup table,
and/or any other suitable mapping.

[0138] The vibration intensities assigned to the set of
actuators are preferably within the performance specifica-
tion parameters of the set of actuators. These parameters can
include a minimum vibration intensity, such as a zero
intensity (e.g., “off” state), a maximum vibration intensity
(e.g., maximum drivable amplitude based on the device
specifications such as the actuator specifications and/or the
motor specifications), and any number of vibration intensi-
ties in between, wherein the vibration intensity is deter-
mined based on the mapping. Additionally or alternatively,
the parameters can include a subset of these and/or any other
intensity options or performance specification parameters.
[0139] In specific examples, for instance, an integer value
(e.g., on a scale from O to 255, on a scale from 0 to 10, on
any suitable scale, etc.) is determined based on the corre-
sponding energy of the audio, wherein the integer value is
mapped to an amplitude for the actuator based on the
available amplitude range for the actuator.

[0140] In some variations, the vibration intensities
assigned to the actuators are predetermined. For instance, a
static intensity value can be assigned to the actuator(s)
selected based on a location for stimulation corresponding to
the maximum energy.

[0141] Any or all of the vibration intensities can addition-
ally or alternatively be selected based on one or both of a
floor and a ceiling such as any or all those referenced
previously. The floor and ceiling can function, for instance,
to determine a minimum floor-to-ceiling gap that, when
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enforced, functions to apply appropriate yet discernible
haptic stimulation through the selection of vibration inten-
sity values. Additionally, the floor and ceiling can function
a user to interpret a change in sound in his or her environ-
ment (e.g., sound growing louder, sound getting quieter,
etc.), determining a mapping from the energy parameter to
the intensity, and/or be otherwise used.

[0142] The ceiling preferably reflects the loudness (e.g., in
dB) of the loudest sound detected recently and/or for all
time, and is replaced when a sound having a loudness greater
than the ceiling is heard. The ceiling is further preferably
decremented in value (e.g., by a predetermined step value,
by a dynamically determined value, etc.) with time until
either a minimum ceiling value (e.g., predetermined mini-
mum ceiling value) and/or floor-to-ceiling gap (e.g., 10 dB)
is reached or a sound louder than the ceiling is detected and
subsequently used to replace the ceiling value. Alternatively,
the ceiling can maintain a static value until it is replaced with
a new static value.

[0143] The floor can be determined based on any or all of
the following: a running mean energy parameter (e.g., as
described above); a value that maps to a minimum vibration
intensity that a user can detect (e.g., based on the user’s
sensitivity level); the quietest non-zero sound detected
recently by the system; a motor noise level of the set of
actuators; and/or any other suitable parameters.

[0144] The floor and/or ceiling can be set on a bin-by-bin
basis, shared for multiple and/or all bins, shared for all users,
and/or any combination of these. Additionally or alterna-
tively, either or both of the floor and ceiling can be static,
dynamic, and/or any combination of both.

[0145] The energy parameters can be mapped to a floor-
to-ceiling scale that ranges from the floor to the ceiling
through any suitable mapping (e.g., linear, logarithmic, etc.)
or algorithm(s). A value in the floor-to-ceiling scale is
preferably mapped to a value in the vibration intensity scale
through a logarithmic mapping, such that a change in energy
is more pronounced for high values of energy. Additionally
or alternatively, any other suitable mapping can be imple-
mented.

[0146] In some variations, such as those in which the
system is operating in the 1 or 3" operation modes, an
adaptive floor and ceiling are determined, wherein the floor
is adjusted based on a value of a running mean on a
bin-to-bin basis, and the ceiling is determined on a global
basis based on the recently loudest sound received.

[0147] In some variations, such as those in which the
system is operating in the 2"¢ operation mode, a static floor
and a dynamic ceiling are determined.

[0148] In some variations, the floor-to-ceiling range is
used to determine a scalar value with which to scale a
mapping from the energy parameter to the intensity. In
specific examples, for instance, the size of the floor-to-
ceiling range dictates how large of a range of sound is being
mapped to the range of the actuators, such that if the
floor-to-ceiling range is small, an increase in sound level can
be relatively small and still elicit a strong vibration, whereas
if the floor-to-ceiling range is large relatively, an increase in
sound needs to be greater to elicit a stronger vibrations. This
scalar factor can optionally additionally or alternatively be
determined based on an identified sound type (e.g., beep,
tonal sound, speech, with a neural network, etc.) for inten-
sity boosting and/or suppression. In examples, for instance,
important sounds can have an increased scalar factor (e.g.,
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double). Additionally or alternatively, floor-to-ceiling ranges
and/or scalar factors can be otherwise implemented.

[0149] S160 can additionally or alternatively include
determining a set of weighted intensities for adjacent actua-
tors, such as in the process of producing illusion stimulation.
In an event, for instance, that a location selected for stimu-
lation is between two actuators, S160 can include determin-
ing a set of weighted intensities for the adjacent actuators
such that the user “feels” a stimulation at that the location,
wherein the difference in weighting of the intensities drives
the location of perceived stimulation closer to the actuator
with the higher intensity (e.g., and appears in the middle
when the intensities have the same value). Additionally or
alternatively, the intensities can be otherwise determined.
This can optionally further be modulated by an additional
gain factor to represent the energy. In specific examples, for
instance, if a frequency corresponds to a location (e.g., a
virtual location) halfway between a first motor and a second
motor, the first and second motors are prescribed to have
equal vibration intensities, wherein the equal vibration
intensities are scaled based on the relevant energy value for
that frequency/location.

[0150] Further additionally or alternatively, any or all of
the haptic actuators can be assigned to a particular feature or
type of sound, such as a beat during music. In specific
examples of an operation mode such as the 2”¢ operation
mode, for instance, one of the set of haptic actuators is
configured to provide stimulation in time with a beat of the
music at any suitable intensity (e.g., constant, dynamic,
matching that of the music, etc.). Additionally or alterna-
tively, a beat or other feature can be otherwise conveyed to
the user, and/or the music mode can be otherwise imple-
mented (e.g., to bring out as much detail in the music as
possible across a desired frequency range corresponding to
the music).

[0151] Ina first variation (e.g., in a 1* mode, in a 3"/ mode,
etc.), S160 includes determining a set of vibration intensity
values based on at least one maximum energy parameter and
an adaptive floor and ceiling, wherein the set of vibration
intensity values are determined based on a non-linear map-
ping (e.g., exponential, logarithmic, etc.) from a floor-
ceiling space to an intensity space. In specific examples,
determining the intensity values includes determining a set
of weighted intensities for adjacent actuators in the event of
illusion-based stimulation.

[0152] In a second variation (e.g., in a 2*¢ mode), S160
includes determining a set of vibration intensity values
based on a predetermined number of maximum energy
parameters (e.g., two largest energy parameters), a static
floor, and a dynamic ceiling, wherein the set of vibration
intensity values are determined based on a linear mapping
from a floor-ceiling space to an intensity space.

[0153] 4.8 Method: Stimulating a User at the Set of Haptic
Locations Based on the Vibration Intensities S170

[0154] The method 100 includes stimulating a user at the
set of haptic locations based on the vibration intensities
S170, which functions to apply the haptic stimulation to the
user. The haptic stimulation can be applied with a haptic
driver of the system, but can additionally or alternatively be
applied with any other suitable components of the system.
The haptic stimulation is preferably applied automatically,
but can additionally or alternatively be applied in response
to a trigger and/or a user input.
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[0155] 4.9 Method: Variations

[0156] In a first set of variations (e.g., as shown in FIG. 7),
the method 100 is configured to performed in one of a set of
operation modes, which include at least: a 1¥* mode (e.g., an
everyday mode), a 2"¢ mode (e.g., a music mode), and a 3"
mode (e.g., a night mode). In this variation, for all modes,
the method 100 includes a preprocessing step S110 in
response to receiving an audio input S105, the preprocessing
including: filtering the audio input (e.g., with a comb filter)
to eliminate motor noise and its harmonics; windowing the
audio input (e.g., with overlapping Hahn windows); and
correcting the audio input based on white noise. In this
variation, for all modes, the method further includes: deter-
mining a set of frequencies of the audio input and a set of
energies (e.g., amplitudes) associated with the set of fre-
quencies S120; organizing the audio window into frequency
bins, wherein each bin represents a range of frequencies
S130; and selecting one or more highest value energies. In
the 3" mode, the method 100 further preferably includes
ensuring that this energy or energies are associated with
tonal sounds (e.g., through a Wiener entropy calculation and
comparison with a tonality threshold). The method 100
further includes passing the energy or energies through a set
of thresholds, wherein in the 1** and 3"“ operation modes, the
set of thresholds includes a sensitivity threshold, a motor
noise threshold, and a running energy mean threshold. In the
2"? operation mode, the set of thresholds includes the
sensitivity threshold and the motor noise threshold. In the 1%
and 3" operation modes, S150 includes choosing one or
more locations of haptic stimulation based on a frequency
bin associated with the highest energy and mapping the
associated frequency to a virtual location space spanning a
region of stimulation (e.g., wristband). In the 2" operation
mode, S150 includes mapping the set of frequency bins to a
set of bands, wherein the set of bands is preferably equal to
the number of actuators but can additionally or alternatively
be less than the number of actuators, greater than the number
of actuators, or have any other number. The band having a
bin with the highest energy is chosen for stimulation, and the
stimulation location is at an actuator corresponding to the
band. Additionally, in the event of a sparsity constraint, one
or more other actuators can be chosen, such as a second
actuator corresponding to the second highest energy. In the
1°* and 3"? operation modes, S160 includes determining a set
of vibration intensity values based on at least one maximum
energy parameter and an adaptive floor and ceiling, wherein
the set of vibration intensity values are determined based on
a non-linear mapping (e.g., exponential, logarithmic, etc.)
from a floor-ceiling space to an intensity space. In specific
examples, determining the intensity values includes deter-
mining a set of weighted intensities for adjacent actuators in
the event of illusion-based stimulation, wherein a difference
in the weights moves the perceived location closer toward
the actuator associated with the higher weight (thereby
allowing a discernment in locations between motors to be
perceived). In the 2"? operation mode, S160 includes deter-
mining a set of vibration intensity values based on a prede-
termined number of maximum energy parameters (e.g., two
largest energy parameters), a static floor, and a dynamic
ceiling, wherein the set of vibration intensity values are
determined based on a linear mapping from a floor-ceiling
space to an intensity space. For all modes, S110 include
stimulation a user in accordance with the location(s) and
intensity values.
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[0157] In a first set of examples of an operation mode
(e.g., everyday mode), the method includes any or all of:
receiving an audio input; filtering (e.g., with comb filter) the
audio input; transforming the audio input into the frequency
domain (e.g., with FFT); correcting the audio input based on
a white noise spectral calibration; determining a set of
frequencies of the audio input and a set of energies associ-
ated with the set of frequencies; organizing the audio input
into a set of bins based on the set of frequencies; determining
a maximum energy associated with each bin; comparing the
maximum energy for each bin (and/or any other parameters)
with a set of thresholds, wherein the set of thresholds
includes: a bin-independent (same for all bins) predeter-
mined motor noise threshold for all bins, a bin-dependent
threshold equal to the running energy mean (e.g., average
energy of bin over time) for each bin, and a bin-independent
predetermined loudness sensitivity threshold (e.g., selected
by a user); based on the comparison, either further process-
ing the bin (e.g., if it exceeds all thresholds, if it exceeds a
majority of the thresholds, it if exceeds at least one thresh-
old, etc.) or eliminating it from further processing; with the
remaining bins, determining the bin associated with the
highest absolute energy; in response to selecting the bin with
the highest energy, optionally updating the ceiling value
associated with the bin based on the highest energy param-
eter (e.g., increasing the ceiling value to the energy param-
eter if the current ceiling is lower than the energy, decreasing
the ceiling value if the energy parameter is lower than the
ceiling, etc.); mapping the bin to a location (e.g., virtual
location) on the body region of the user; determining a set
of one or more actuators associated with the location;
determining an actuator intensity and/or stimulation pattern
for each of the set of one or more actuators based on the
highest energy parameter and optionally any or all of the
location, a floor value associated with the bin, and a ceiling
value associated with the bin; and actuating the set of one or
more actuators according to the stimulation pattern.

[0158] Additionally or alternatively, determining the sub-
set of bins can include determining a bin associated with the
highest energy relative to a floor of the bin.

[0159] In a second set of examples of an operation mode
(e.g., night mode), the method includes any or all of the
processes in the first set of examples, wherein the set of
thresholds additionally or alternatively (e.g., instead of a
loudness sensitivity threshold) includes a tonality threshold,
wherein all sounds exceeding a tonality threshold (e.g., a
minimum tonality) are actuated (e.g., even if they are not
loud which can occur for instance in an event a smoke alarm
is going off and the haptic device is under a user’s pillow).
The tonality threshold can optionally override and/or replace
any or all of the other thresholds, or can be used in
conjunction with (e.g., all thresholds required to be
exceeded). In this operation mode, additionally or alterna-
tively, other types of sounds (e.g., sounds corresponding to
children such as babies crying) can be configured to be
actuated, such as based on user preferences (e.g., parents
with a newborn can permit child sounds to be actuated).

[0160] In a third set of examples of an operation mode
(e.g., music mode), the method includes any or all of:
receiving an audio input; filtering (e.g., with comb filter) the
audio input; transforming the audio input into the frequency
domain (e.g., with FFT); correcting the audio input based on
a white noise spectral calibration; determining a set of
frequencies of the audio input and a set of energies associ-
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ated with the set of frequencies; organizing the audio input
into a set of bins based on the set of frequencies; organizing
the set of bins into a set of bands, wherein the number of
bands is equal to the number of actuators; determining a
maximum energy associated with each band; optionally
comparing the maximum energy for each band (and/or any
other parameters) with a set of thresholds and either further
processing the band (e.g., if it exceeds all thresholds, if it
exceeds a majority of the thresholds, it if exceeds at least one
threshold, etc.) or eliminating it from further processing;
with the remaining bands, optionally updating the ceiling
value associated with the highest energy bin based on the
highest energy parameter (e.g., increasing the ceiling value
to the energy parameter if the current ceiling is lower than
the energy, decreasing the ceiling value if the energy param-
eter is lower than the ceiling, etc.); determining an actuator
intensity and/or stimulation pattern for each of the set of one
or more actuators associated with (e.g., directly mapped to)
a remaining band based on the highest energy parameter in
the band and optionally any or a floor value associated with
the corresponding bin, and a ceiling value associated with
the corresponding bin; and actuating the set of one or more
actuators according to the stimulation pattern.

[0161] In a second set of variations, additional or alterna-
tive to the first, the method 100 is performed with one or
more operation modes which take into account particular
types of sounds and/or particular characteristics of sounds,
such as, but not limited to speech, beeps and/or other tonal
sounds, and/or any other sounds.

[0162] In a third set of variations, additional or alternative
to the first, the method 100 is performed for the purpose of
eliminating and/or reducing a user’s experience with tinni-
tus. In specific examples, the haptic wristband device is used
stimulate the user through the set of actuators in accordance
with (e.g., simultaneously with, contemporaneously with,
etc.) audio heard (e.g., organically, as part of audio therapy
such as tone-based therapy, etc.) by the user.

[0163] Additionally or alternatively, the method 100 can
include any other suitable process(es).

[0164] Embodiments of the system and/or method can
include every combination and permutation of the various
system components and the various method processes,
wherein one or more instances of the method and/or pro-
cesses described herein can be performed asynchronously
(e.g., sequentially), contemporaneously (e.g., concurrently,
in parallel, etc.), or in any other suitable order by and/or
using one or more instances of the systems, elements, and/or
entities described herein. Components and/or processes of
the following system and/or method can be used with, in
addition to, in lieu of, or otherwise integrated with all or a
portion of the systems and/or methods disclosed in the
applications mentioned above, each of which are incorpo-
rated in their entirety by this reference.

[0165] As a person skilled in the art will recognize from
the previous detailed description and from the figures and
claims, modifications and changes can be made to the
preferred embodiments of the invention without departing
from the scope of this invention defined in the following
claims.

We claim:

1. A method for providing stimulation to a user at a haptic
stimulation device configured to be worn at a body region of
the user and having a set of actuators, the method compris-
ing:
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receiving an audio input;

determining an operation mode of the haptic stimulation

device;

determining a set of parameters based on the audio input,

wherein the set of parameters comprises:
a set of frequencies; and
a set of energies, wherein each of the set of energies is
associated with one of the set of frequencies;
organizing the set of parameters into a set of groupings
based on the set of frequencies;

for each of the set of groupings:

determining a maximum energy associated with the
grouping;

comparing the maximum energy with a set of thresh-
olds; and

in an event that the maximum energy does not meet at
least one of the set of thresholds, eliminating the
maximum energy from a set of maximum energies,
wherein the set of maximum energies comprises the
maximum energy associated with each grouping;

determining a highest maximum energy in the set of

maximum energies, wherein the highest maximum

energy is associated with a 1°* grouping of the set of

groupings;

determining a location associated with the body region

based on the 1% grouping;

prescribing a subset of the set of actuators based on the

location;

determining an actuation intensity for each of the subset

of actuators based on the highest maximum energy;
actuating the subset of actuators based on the actuation
intensity for each of the subset.

2. The method of claim 1, wherein the set of groupings is
predetermined.

3. The method of claim 1, wherein the subset of the set of
actuators includes at least two actuators.

4. The method of claim 3, wherein the actuation intensity
is further determined based on the location, wherein the
location is arranged between the two actuators.

5. The method of claim 1, wherein the operation mode is
determined based on a temporal parameter associated with
receipt of the audio input.

6. The method of claim 5, wherein the operation mode is
further determined based on a set of user preferences.

7. The method of claim 1, wherein the actuation intensity
is further determined based on a stored floor value and a
stored ceiling value associated with the 1°* grouping.

8. The method of claim 7, wherein the actuation intensity
is determined based on a difference between the stored floor
value and the stored ceiling value.

9. The method of claim 7, further comprising updating the
ceiling value based on the highest maximum energy.

10. The method of claim 9, wherein in an event that the
highest maximum energy is less than the ceiling value,
updating the ceiling value comprises decreasing the ceiling
value.

11. The method of claim 10, wherein the ceiling value is
decreased by a predetermined value.

12. The method of claim 1, wherein determining the
operation mode comprises selecting from a set of operation
modes, wherein the set of operation modes comprises a
daytime mode, a nighttime mode, and a music mode.

13. The method of claim 1, wherein the set of thresholds
comprises at least one of:
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a sensitivity threshold;

a baseline actuator noise threshold; and

a running energy mean for the set of groupings.

14. The method of claim 13, wherein the sensitivity
threshold is determined based on a user input.

15. A method for providing stimulation to a user at a
haptic stimulation device having a set of actuators, the
method comprising:

receiving an audio input;

determining an operation mode of the haptic stimulation

device;

determining a set of parameters based on the audio input,

wherein the set of parameters comprises:
a set of frequencies; and
a set of energies;

organizing the set of parameters into a set of groupings

based on the set of frequencies;

for each of the set of groupings:

determining a maximum energy associated with the
grouping;

comparing the maximum energy with a set of thresh-
olds; and

determining a highest maximum energy based on the

maximum energy associated with each grouping and
the comparison of each maximum energy with the set
of thresholds;
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determining a location for the stimulation based on the
highest maximum energy;

prescribing a subset of the set of actuators based on the
location;

determining an actuation intensity for each of the subset
of actuators based on the highest maximum energy;

actuating the subset of actuators based on the actuation
intensity for each of the subset.

16. The method of claim 15, wherein determining the
operation mode comprises selecting from a set of operation
modes, wherein the set of operation modes comprises a
daytime mode, a nighttime mode, and a music mode.

17. The method of claim 16, wherein the operation mode
is the nighttime mode.

18. The method of claim 17, wherein the set of thresholds
comprises a tonality threshold.

19. The method of claim 18, wherein, for each of the set
of groupings, in an event that a measured tonality of the
audio input does not meet the tonality threshold, the maxi-
mum energy is eliminated from a set of maximum energies,
wherein the set of maximum energies comprises the maxi-
mum energy associated with each of the set of groupings.

#* #* #* #* #*



