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1. Executive Summary

Acoustic sound and vibroacoustic experiences are now widely integrated into wellness
environments, including sound therapy rooms, meditation and retreat centers, spas, corporate
wellness facilities, and integrative health spaces. These modalities employ air-conducted sound
delivered through loudspeakers and low-frequency, structure-borne vibration delivered through
vibroacoustic chairs or loungers to support relaxation, emotional regulation, body awareness, and
restorative sensory states. When thoughtfully designed, they can create immersive experiences
that users consistently describe as calming, grounding, and physically supportive.

Despite their rapid adoption, implementation practices across the wellness industry remain
highly variable. Sound levels, frequency balance, vibration intensity, and session structure are
often adjusted subjectively, without reference to consistent physical metrics, calibration
procedures, or documented comfort boundaries. This lack of standardization can lead to variable
Or PoOr user experiences, unnecessary sensory fatigue or discomfort, difficulty in staff training
and quality assurance, and challenges in communicating safety, professionalism, and credibility
to users, partners, and regulators.

This white paper establishes a wellness-oriented, measurement-based framework for the design,
calibration, and operation of acoustic sound therapy rooms and vibroacoustic seating systems. It
does not position these experiences as medical treatments, nor does it make diagnostic or
therapeutic claims. Instead, it translates established principles from acoustics, human vibration
standards, psychoacoustics, and multisensory perception into practical guidance that supports
comfort, consistency, transparency, and ethical practice in non-clinical settings.

Core contributions of this document include:

e Clear differentiation between experiential wellness applications and regulated medical or
clinical interventions

e Definition of generally accepted, comfort-oriented operating ranges for sound pressure
level

o Identification of low-frequency bands commonly used in wellness vibroacoustics and
their associated perceptual qualities

e Adoption of vibration velocity as a primary, perceptually meaningful metric for
vibroacoustic intensity and defined upper comfort boundaries

e Practical room and chair calibration procedures aligned with internationally recognized
measurement standards, adapted for non-medical use

e Methods for resonance mapping, spatial uniformity verification, ramp-time control, and
documentation to ensure repeatability and quality assurance

o User-facing informed participation language, appropriate contraindication guidance, and
ethical framing appropriate to wellness contexts

Importantly, the intent of this white paper is not to constrain creativity or reduce the expressive
potential of sound and vibroacoustic design. Rather, it seeks to establish shared reference points
that elevate quality, safety, and trust while leaving ample room for artistic choice,
personalization, and innovation. Through the integration of technical rigor, perceptual science,
and wellness-appropriate ethics, this document provides a framework for professional-grade
sound and vibroacoustic environments that are immersive, gentle, repeatable, and worthy of
long-term user confidence.



2. Introduction

Acoustic sound and vibroacoustic experiences have emerged as core elements of contemporary
wellness environments. They reflect a broader shift toward sensory-based, non-pharmacological
approaches to relaxation, stress regulation, and physiological self-awareness. From dedicated
sound therapy rooms and meditation studios to spa recovery lounges, corporate wellness centers,
and integrative health spaces, these modalities are increasingly used to create immersive
conditions that support calm, focus, and restoration.

Despite their growing adoption, the design and operation of sound and vibroacoustic systems in
wellness contexts remain largely guided by subjective adjustment and aesthetic preference rather
than by shared, measurable standards. Sound levels are often set “by ear,” vibration intensity by
feel, and frequency content by artistic intent, with limited reference to physical metrics,
calibration procedures, or documented safety margins. This variability can result in inconsistent
user experiences, difficulty in staff training and quality assurance, and challenges in
communicating comfort, safety, and professionalism to participants, partners, and institutional
stakeholders.

At the same time, these experiences are rooted in well-established physical phenomena. Air-
conducted sound and structure-borne vibration are governed by the laws of acoustics and
mechanics, and their perception is shaped by known principles of psychoacoustics,
mechanoreception, and multisensory integration. Even when used purely for wellness and not for
medical treatment, they remain measurable, reproducible, and subject to the same basic
constraints of human sensory comfort and tolerance.

This white paper therefore adopts a dual perspective. It treats sound therapy and vibroacoustics
first and foremost as experiential, non-medical wellness practices, grounded in subjective
perception, emotional response, and user-reported outcomes. At the same time, it recognizes that
responsible implementation benefits from objective reference points: sound pressure levels,
frequency ranges, vibration velocity, resonance behavior, and room and seating acoustics that
can be measured, documented, and controlled.

By translating established knowledge from acoustics, human vibration standards, and sensory
science into a wellness-appropriate framework, this document seeks to bridge the gap between
artistic experience design and technical rigor. The intent is not to impose clinical protocols or to
constrain creative expression, but to provide a common language and set of guardrails that
support:

o Consistent, repeatable, and comfortable sensory environments

o Transparent communication of intensity, safety, and expectations

o Professional calibration and quality assurance practices

o User trust, agency, and informed participation

The sections that follow establish the conceptual foundation for a standards-based yet
experiential approach to acoustic sound and vibroacoustic wellness design—one that honors both
the subtlety of human perception and the precision of physical measurement.



2.1 Definitions

Acoustic Sound Therapy

Acoustic sound therapy refers to the intentional use of air-conducted sound, delivered through
loudspeakers, to create an immersive auditory environment that supports relaxation, emotional
regulation, attentional focus, or contemplative states. In wellness settings, sound therapy may
include music, tonal compositions, nature soundscapes, or frequency-based audio designed to
influence subjective experience rather than to achieve medical outcomes.

Sound therapy in this context operates within comfortable, conversational-to-quiet sound
pressure levels, is non-invasive, and is designed to be voluntarily experienced. Its effects are
understood primarily through perception, emotional response, and sensory immersion, rather
than diagnosis or treatment.

Vibroacoustics

Vibroacoustics refers to the application of low-frequency mechanical vibration, typically in the
range perceptible by the human body, delivered through a physical interface such as a chair,
lounger, or table. The vibration is generated by transducers driven by audio signals and
transmitted through the structure of the seating surface into the body.

In wellness environments, vibroacoustic experiences are designed to feel gentle, supportive, and
grounding, often synchronized with audible sound. Vibroacoustics in this context emphasizes
comfort, body awareness, and sensory engagement, not therapeutic claims. The vibration is
measurable using physical parameters (frequency, velocity, acceleration), which allows for safe
and repeatable implementation without implying medical treatment.

2.2 Contemporary Use in Wellness Settings

Acoustic sound and vibroacoustic experiences are now established components of a wide range
of wellness-oriented environments, reflecting an increasing emphasis on sensory-based, non-
pharmacological approaches to stress reduction, relaxation, and embodied awareness. Their use
spans both dedicated contemplative spaces and more general-purpose settings where brief,
restorative interventions are integrated into daily routines. The use of loudspeakers, vibration,
variable lighting, color temperature, interior colors, fabrics, and other choices can all impact the
overall experience of these spaces.

Common applications include:

e Spas, yoga studios, and wellness centers, where immersive soundscapes and
vibroacoustic seating are incorporated into relaxation rooms, recovery lounges, and post-
treatment environments

e Meditation studios and retreat centers, where loudspeaker-based sound fields and
vibroacoustic platforms support contemplative practice, breathwork, and extended
periods of stillness



o Corporate wellness facilities, where short, structured sessions are offered to facilitate
mental reset, emotional regulation, and stress recovery during the workday

o Integrative and holistic practices, where sound and vibration complement non-medical
services such as massage, mindfulness coaching, somatic education, and movement-
based therapies

o Experiential, research-adjacent, and demonstration spaces, including innovation labs
and pilot installations exploring emerging sensory wellness technologies

Across these contexts, participants typically seek healthy and positive outcomes such as
calmness, grounding, emotional balance, and a sense of physical ease rather than clinical or
diagnostic results. Evaluation of effectiveness is therefore experiential and phenomenological,
relying on self-report, perceived comfort, emotional response, and repeat engagement rather than
on medical endpoints.

The diversity of environments in which these modalities are deployed underscores the need for
clear positioning, transparent communication, and consistent physical implementation. Users
may encounter sound therapy or vibroacoustic systems for the first time in such spaces, often
without prior familiarity with the sensations involved. Establishing coherent design intent,
operating ranges, and predictable sensory behavior is therefore essential to supporting comfort,
trust, and informed participation.

2.3 Purpose and Scope

The purpose of this white paper is to provide a practical, technically grounded framework for the
design, calibration, documentation, and operation of acoustic sound therapy rooms and
vibroacoustic seating systems used in non-clinical wellness environments. It is intended to
support providers, designers, and operators in delivering experiences that are intentional,
consistent, measurable, and ethically framed, while remaining clearly outside the domain of
medical diagnosis or treatment.

Specifically, this document seeks to:
o Translate foundational principles of acoustics, human vibration, and sensory perception
into actionable guidance for real-world wellness applications
o Establish shared reference points for sound pressure level, frequency content, room
acoustics, vibration intensity, and resonance behavior
o Define generally accepted, comfort-oriented operating ranges and calibration procedures
that support safety, repeatability, and quality assurance
e Provide a common measurement and documentation language aligned with recognized
international standards (e.g., IEC and ISO), adapted for experiential rather than clinical
use
o Support informed participation through clear positioning, user agency, and transparent
communication of sensory intensity and limitations
This white paper applies to:
e Speaker-based sound delivery systems in dedicated or multi-purpose wellness rooms
e Vibroacoustic chairs, loungers, or platforms intended for seated or reclined use
e Voluntary, non-medical experiences designed to support relaxation, stress reduction, and
embodied awareness
This document does not:



e Make medical, diagnostic, or therapeutic claims

e Define or recommend clinical treatment protocols

o Substitute for professional healthcare advice

e Address regulated medical devices or hospital-based applications

By clearly delineating its purpose and scope, this framework enables the application of
engineering-level rigor and perceptual science without regulatory overreach. It supports the
elevation of sound and vibroacoustic wellness practices to a professional standard of consistency,
safety, and transparency, while preserving their fundamentally experiential, user-centered, and
non-clinical character.



3. Scientific Foundations

Although not medical treatments, acoustic sound therapy and vibroacoustic wellness experiences
are grounded in established principles of physics and human sensory perception. Sound and low-
frequency vibration follow universal acoustic laws, and understanding these foundations enables
safe, consistent design choices that support comfort, immersion, and relaxation.

3.1 Physics of Sound and Vibration

Sound as a Physical Phenomenon

Sound is a mechanical pressure wave that travels through air and is perceived by the auditory
system. Key parameters include:

e Frequency (Hz): Influences perception and physiological response
o Amplitude: Determines perceived loudness
e Room Acoustics: Impact our spatial awareness

In wellness sound therapy rooms, sound is delivered primarily via loudspeakers, creating an
auditory experience that interacts with both the listener and the room environment.

Sound intensity is commonly expressed as Sound Pressure Level (SPL) in decibels (dB), with A-
weighting (dBA) used to approximate human hearing sensitivity at moderate levels.

Vibration as a Physical Phenomenon

Vibroacoustic stimulation differs fundamentally from sound in that it involves structure-borne
mechanical vibration transmitted through solid materials, such as chairs or loungers. While
vibration may originate from an audio signal, it is experienced physically rather than auditorily.

Key vibration parameters include:

e Frequency (Hz): For the same physical motion, higher frequency — higher acceleration

e Velocity Amplitude (mm/s RMS): Directly relates structural motion to radiated sound
power.

e Acceleration (m/s* RMS): A standard vibration measure that reflects how strongly the
body or structure is being driven during oscillatory motion.

Wellness vibroacoustics typically operates in low-frequency ranges where vibration is clearly
perceivable but remains comfortable.

Resonance and Human Interaction

Human tissues and seating structures exhibit frequency-dependent resonance. At certain
frequencies, relatively small inputs can feel amplified due to coupling between the chair, body,
and contact surfaces. Reducing resonance helps providers avoid uncomfortable “hot spots” and
ensures even, supportive sensations.



Research has shown (see references) that the vertical whole-body resonant frequency of standing
humans generally falls within the range of approximately 9 to 16 Hz, a band in which
biomechanical response and perceived discomfort are increased. While the presence of low-
frequency vibration below 16 Hz is common in many built environments and cannot be
categorically avoided, sustained vibration energy within this resonant range should be minimized
where practical, particularly in spaces with prolonged human occupancy. Human response to
vibration is influenced not only by frequency, but also by acceleration magnitude, exposure
duration, direction of excitation, posture, and transmission path. Accordingly, design efforts
should focus on limiting vibration amplitudes near known whole-body resonant frequencies
rather than imposing absolute frequency prohibitions, with the goal of reducing occupant
discomfort and potential adverse health effects.

Vibroacoustic Chair Resonance Example
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A wellness center notices that a vibroacoustic chair feels significantly stronger at 40 Hz than at 30 Hz,
even at the same amplifier setting. By reducing vibration velocity slightly at that frequency, the
experience becomes more comfortable without losing perceived depth.

To find the resonant frequency of a vibroacoustic chair—body system (the frequency where
vibration feels amplified due to coupling), you are essentially identifying where the system’s
mechanical response peaks relative to input. This can be done practically and instrumentally.

Following is a clear, wellness-appropriate, engineering-sound method. Resonance occurs when:
The vibration frequency of the chair matches a natural frequency of the combined system (chair

structure + cushion + human body mass + contact stiffness), causing maximum motion for
minimum input.



At resonance:

o Perceived intensity increases

e Seat displacement or velocity peaks

o Users describe the vibration as “boomy,
frequency

29 ¢¢

strong,” or “overly intense” at a specific

Practical Measurement Method (Recommended)
Equipment

e Vibration sensor such as an accelerometer

o Signal generator or frequency sine sweep audio file
e Vibroacoustic chair with adjustable frequency

o Data display (FFT or spectrum view)

Step-by-Step

Seat a test subject in normal posture.

Apply a low-level sine sweep (e.g., 10-100 Hz at constant drive voltage).
Measure vibration acceleration amplitude at the seat—body interface.

Plot response amplitude vs frequency.

Identify the peak in the curve.

A e

That peak frequency = system resonance.

Simplified Field Method (No Instruments)
If you do not have sensors:
1. Play discrete tones (e.g., 20, 25, 30, 35, 40, 45, 50 Hz) at equal amplifier settings.
2. Ask the user:
e “Which frequency feels noticeably stronger or more intense?”’

3. Note the frequency where sensation suddenly increases.

This frequency is the perceptual resonance zone.
Mathematical Insight

Resonance occurs when:

_1k
2w m

fr
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Where:

e fr=resonant frequency
o k= effective stiffness of seat + body contact
o m= effective body mass coupled to seat

Heavier bodies — lower resonance

Softer cushions — lower resonance

Rigid seats — higher resonance

Repeat Steps with test subjects of different body masses

3.2 Measurement and Weighting Considerations

Sound Measurement and dBA Limitations

A-weighted measurements (dBA) reflect human hearing sensitivity but underrepresent low-
frequency energy, which is often prominent in sound therapy content. As a result, two
soundscapes with identical dBA levels may feel very different.

For wellness providers, this means that listening comfort cannot be judged by SPL alone.
Frequency balance and room acoustics must also be considered. Rooms, like the chair, have
modal resonances (standing waves, room modes). Prominent modal frequencies are more
plentiful in smaller rooms - especially when one dimension of the room reinforces the same
modal frequencies as another dimension of the room. The intensity of these modal frequencies
are location dependent and the locations are fixed. In other words, some frequencies can be very
pronounced in some locations and disappear in others.

In critical listening applications, the "Golden Room Ratios" are adhered to in order to lessen the
reinforcement of these modes by multiple room dimensions. Other acoustical treatments are also
possible to lessen the effects of room modes.

Vibration Measurement Standards

Vibration in vibroacoustic systems is measured using contact-based sensors that are
mechanically coupled to the vibrating surface, most commonly accelerometers or integrated
vibration transducers capable of capturing motion in one or more axes. These sensors convert
physical motion into electrical signals that can be analyzed to determine key parameters such as
frequency, acceleration, velocity, and displacement. In wellness environments, measurements are
typically taken at the seat-body interface, where vibration is transmitted most directly to the
user, allowing for an accurate representation of what the body actually experiences rather than
what the transducer alone produces.

International Standards, particularly ISO 2631-1 (Mechanical vibration and shock — Evaluation
of human exposure to whole-body vibration), provide a widely recognized framework for
describing, filtering, and interpreting vibration exposure. (This Standard is available as a paid
download from the ISO organization website). Although ISO 2631-1 is primarily intended for
occupational and transportation contexts, it offers valuable reference points for sensor placement,
frequency weighting, and reporting conventions that can be adapted to non-medical wellness
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applications. Using such standards does not medicalize the experience; rather, it introduces a
consistent and defensible measurement language that supports safety, transparency, and
repeatability.

For vibroacoustic wellness systems, vibration intensity can be expressed in terms of acceleration
(m/s* RMS), velocity (mm/s RMS), or displacement. Among these, velocity (mm/s RMS) is
often the most perceptually meaningful metric because it correlates more directly with how
strong the vibration feels to the human body across the low-frequency range typically used in
vibroacoustics. At a given frequency, two systems may exhibit similar acceleration values yet
feel very different due to differences in displacement and energy transfer. Velocity integrates
both frequency and displacement effects, providing a more stable and intuitive indicator of
perceived intensity.

As aresult, calibrating vibroacoustic chairs using velocity-based targets allows practitioners to
achieve more consistent user experiences across different transducer designs, chair constructions,
and body types. By monitoring and limiting vibration velocity within generally accepted,
comfort-oriented ranges, providers can reduce the risk of overstimulation, minimize resonance-
related “hot spots,” and ensure that sessions remain gentle, supportive, and aligned with the
intended wellness purpose.

3.3 Sensory Perception and Integration

Human perception of sound and vibration is inherently multisensory, meaning that auditory,
tactile, and proprioceptive inputs are not processed in isolation but are integrated by the nervous
system into a single, coherent experiential state. When a person is exposed to music through
loudspeakers while simultaneously feeling low-frequency vibration through a chair or surface,
the brain does not treat these as separate events. Instead, neural pathways from the auditory
system, the somatosensory system, and the body-position (proprioceptive) system converge in
higher cortical and subcortical regions, where timing, rhythm, intensity, and spatial information
are combined. Moreover, perception is not fixed across individuals but is shaped by prior life
experiences, training, attention, age-related changes, and medical or neurological conditions,
making subjective responses to sound and vibration inherently variable and reinforcing the need
for objective, standardized metrology.

Low-frequency vibration is detected primarily by mechanoreceptors in the skin, muscles, and
deeper connective tissues, particularly receptors that are sensitive to slow, oscillatory motion and
pressure changes. These signals convey information about rhythm, movement, and bodily
presence, often producing sensations described as grounding, enveloping, or stabilizing. At the
same time, airborne sound is processed by the auditory system and strongly engages limbic and
attentional networks associated with emotion, arousal, and meaning. When the temporal patterns
of vibration and sound are aligned—such as when vibration pulses follow the phrasing or rhythm
of slow music—the brain links these inputs through temporal synchrony, enhancing the sense
that the experience is unified and coherent.

This integration can lead to a deeper subjective response even when the physical intensity of the
vibration remains unchanged. Rather than feeling “stronger” in a mechanical sense, the
experience often feels more immersive, emotionally resonant, and calming because multiple
sensory channels are reinforcing the same rhythmic and affective cues. In this way, perceived
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relaxation and depth arise not from increased amplitude, but from coordinated multisensory
processing that supports a more complete and embodied state of awareness.

Improved Relaxation Through Sensory Integration

Rhythmic alignment of vibration and music promotes relaxation without

increasing vibration strength
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[lustrative Example (3.3)
Users report feeling more relaxed when low-frequency vibration aligns rhythmically with slow musical
phrases, even though the vibration level remains unchanged. This reflects sensory integration rather than
increased physical intensity.
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4. Wellness-Oriented Mechanisms of Experience

In wellness contexts, acoustic sound and vibroacoustic experiences are defined by how they are
perceived and embodied, rather than by diagnosis or clinical outcomes. Their effects are
understood through self-reported states such as relaxation, grounding, attentional quieting, and
safety, reflecting perceptual and psychophysiological processes within the normal operating
range of the human nervous system.

4.1 Acoustic Sound Experiences

Soundscapes may be minimal or complex, tonal or musical, depending on the desired experience.
Importantly, louder is not better. Lower sound levels often support longer sessions and deeper
relaxation.

Loudspeaker-based sound experiences in wellness environments are intentionally designed to
influence mental and emotional states through carefully shaped auditory landscapes. At
moderate, comfortable levels, sound can help quiet internal dialogue and promote mental
stillness by providing a steady, non-intrusive focus for attention. Slow, continuous, or gently
evolving soundscapes can reduce cognitive load, making it easier for users to disengage from
analytical thought and settle into a more receptive, present-moment awareness. In parallel,
musical structure, harmony, and timbre can support emotional regulation by evoking feelings of
safety, warmth, and familiarity, or by gently guiding mood toward calmness and balance.

Well-designed sound environments also contribute to a sense of immersion and containment.
When sound fills a space evenly and without harsh transients, it can create the perceptual
impression of being “held” within an acoustic field, which many users associate with comfort
and security. This immersive quality can be achieved through a wide range of content, from
sparse tonal drones and slow-moving textures to rich musical compositions and natural
soundscapes, depending on the intended experiential outcome and the cultural or aesthetic
context of the setting.

Crucially, the effectiveness of these experiences is not driven by loudness. In wellness
applications, higher sound pressure levels do not necessarily increase benefit and may instead
lead to fatigue, overstimulation, or a heightened stress response. Lower to moderate sound levels
typically allow the nervous system to remain in a receptive, parasympathetic-dominant state,
supporting longer session durations and a deeper sense of relaxation. By prioritizing clarity,
spectral balance, and gentle dynamics over sheer volume, providers can create sound
environments that feel spacious, supportive, and sustainable, encouraging users to remain
comfortable and engaged throughout the experience.

4.2 Vibroacoustic Experiences

Vibroacoustic stimulation differs from purely auditory experiences in that it engages the body
directly through physical contact, creating sensations that are often described in somatic rather
than acoustic terms. Instead of being “heard,” the vibration is felt as thythmic movement,
pressure, or subtle oscillation within the muscles, skin, and deeper tissues. This tactile quality
commonly gives rise to perceptions of grounding, as the low-frequency motion provides a clear
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and stable point of reference for the body, helping users feel anchored and present rather than
mentally dispersed.

The experience is frequently described as soothing because the slow, regular nature of low-
frequency vibration can promote a sense of rhythmic continuity and predictability. Such patterns
are known to be calming to the nervous system, particularly when they are smooth, moderate in
amplitude, and free of abrupt changes. Users often report that the vibration feels supportive or
enveloping, as if the chair or surface is gently “holding” the body, creating a perception of
containment and safety that can be especially valuable in relaxation-oriented settings.

Because vibroacoustic stimulation is perceived through mechanoreceptors and proprioceptive
pathways, it naturally draws attention away from abstract thought and toward bodily sensation.
This shift in focus can reduce mental chatter and encourage a more embodied state of awareness,
in which users become attuned to breathing, posture, and internal sensations. Even when
vibration levels remain low and well within comfort ranges, the continuous physical presence of
the stimulus can act as a subtle anchor for attention, facilitating a transition from cognitive
activity to a more relaxed, introspective, and physically grounded experience.

4.3 Combined Sound and Vibration Experiences

When sound and vibration are combined in a wellness environment, they form a unified
multisensory field in which auditory and somatic inputs are processed together by the nervous
system. When appropriately coordinated in timing, rhythm, and intensity, the two modalities
reinforce each other and produce a coherent, emotionally congruent experience. For example,
slow musical phrases paired with gentle low-frequency vibration can support relaxation and
bodily awareness without increasing perceived intensity.

To make this coordination reproducible, matching should be defined using measurable
dimensions: temporal alignment (timing relationship between audio and vibration events),
dynamic alignment (relative intensity and envelope shape), and structural alignment
(correspondence with tempo, phrasing, or low-frequency content). Synchronization may be beat-
locked, envelope-locked, or intentionally offset depending on design goals, but the chosen
relationship should be specified and repeatable.

Poor alignment—such as excessive timing offsets, contradictory intensity envelopes, or
simultaneous unscaled peaks—can produce distraction, overload, or discomfort. Best practice is
therefore to calibrate sound and vibration independently while coordinating them through
defined synchronization rules and tolerance ranges so outcomes can be measured and replicated.

Sound & Vibration System Flow

Audio Content
Source

Kndﬁocessor /
Player

Speaker Output

+

Air-Conducted Sound Structure-Borne Vibration
(dBA) (mm/s RMS)

Levels Independently Calibrated for Comfort and Safety
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Synchronization Criteria Table

Dimension What to Measure Synchronized Condition Mismatch Indicator Design Note
Temporal Time offset between ~ Within defined perceptual ~ Noticeable lag/lead  Use event markers
alignment audio event and window (e.g., beat or beyond set tolerance  or envelope triggers

vibration onset event-aligned tolerance)
Dynamic Relative intensity / Vibration follows or Opposing or abrupt ~ Avoid unscaled
alignment envelope shape proportionally scales with  envelope changes dual peaks
audio envelope
Structural Relation to tempo, Vibration pattern tracks Vibration pattern May be beat-locked
alignment phrasing, LF energy ~ musical phrasing or LF unrelated to musical  or phrase-locked
band structure
Peak Coincidence of Peaks staggered or Simultaneous Set peak-
coordination ~ maximum levels proportionally limited maxima in both coincidence limits
channels
Mode Documented sync Sync mode specified (beat, No declared Required for
declaration method envelope, offset) relationship reproducibility

4.4 Individual Variability and Personalization

Responses to sound and vibration in wellness environments vary considerably from one
individual to another, reflecting differences in physical characteristics, sensory processing, and
moment-to-moment psychological state. Body size, mass distribution, and posture all influence
how vibration is transmitted through the chair and into tissues, as well as how sound is perceived
within the acoustic field. A reclined posture, for example, may increase contact area and
mechanical coupling, making the same vibration setting feel stronger than it would in an upright
position. Similarly, variations in muscle tone and body composition can shift resonance and alter
perceived intensity.

Sensory sensitivity also plays a significant role. Some individuals have heightened auditory or
tactile responsiveness and may find moderate levels of sound or vibration stimulating or
fatiguing, while others may require higher levels to achieve the same sense of immersion or
grounding. Prior experience further shapes perception: users who are familiar with meditative
practices, somatic awareness, or vibroacoustic systems may interpret subtle stimuli as rich and
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engaging, whereas first-time users may initially find the same sensations unfamiliar or
distracting.

Emotional state and context strongly modulate these responses as well. On days of high stress or
mental load, individuals often prefer gentler, slower, and lower-intensity stimulation, whereas on
days of lower arousal they may welcome slightly more pronounced sensory input. The same
physical parameters can therefore be experienced as soothing, neutral, or overwhelming
depending on the user’s internal state.

For these reasons, wellness providers benefit from anticipating variability as the norm rather than
the exception. Systems should be designed with generally accepted default settings, smooth
ramp-up and ramp-down, and intuitive controls that allow users to adjust vibration and, when
appropriate, sound levels within safe and comfortable ranges. Providing this degree of user
agency supports self-regulation, increases trust in the experience, and accommodates a broad
spectrum of preferences and sensitivities. Gradual adjustment and personalization not only
enhance comfort and safety but also foster a sense of participation and control, which itself
contributes to relaxation and satisfaction in wellness settings.

4.5 Experience Framing and Expectation

User experience in sound therapy and vibroacoustic environments is shaped not only by
measurable physical parameters such as sound level, frequency, and vibration intensity, but also
by the psychological and contextual framework in which the experience is introduced.
Expectations, understanding, and perceived safety strongly influence how sensory input is
interpreted by the nervous system. When users know what to expect, why certain sensations are
occurring, and that they remain in control, the same physical stimulus is more likely to be
experienced as calming and supportive rather than surprising or intrusive.

Clear framing before and during a session helps orient the participant and reduces uncertainty,
which is a common source of low-level anxiety. Simple explanations—such as describing
vibration as “gentle thythmic movement designed to support relaxation” or emphasizing that
intensity can be adjusted or stopped at any time—establish a sense of agency and trust. This
reassurance allows the brain to interpret unfamiliar sensations as non-threatening, facilitating a
shift toward parasympathetic, restorative states.

Environmental cues also contribute to framing. Lighting, room design, staff demeanor, and ritual
elements (such as a brief introduction or closing moment) signal that the space is intended for
rest and self-care. Together with verbal communication, these cues create a coherent narrative
that the experience is safe, intentional, and supportive. When context and expectation are aligned
with the physical design of the sound and vibration systems, users are more likely to relax into
the experience, remain present, and interpret sensations positively, even when those sensations
are novel or subtly intense.
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5. Review of Existing Research and Evidence Landscape

Acoustic sound therapy and vibroacoustics are informed by interdisciplinary research across
acoustics, neuroscience, music psychology, somatic practices, and human factors engineering.
Although not positioned as medical treatments, this evidence base supports responsible design by
guiding operating ranges, avoiding overstimulation, and setting realistic expectations, while
identifying the conditions most consistently associated with comfort, relaxation, and positive
subjective experience.

5.1 Observational and Experimental Findings

Sound-Based Experiences

A substantial body of research (see references) has examined the effects of music listening,
ambient soundscapes, and low-level acoustic environments on psychological and physiological
states. Across laboratory studies, field experiments, and observational work, common
associations include:

e Reduced perceived stress and tension

e Improved mood and emotional regulation

o Enhanced relaxation and attentional stability

o Increased feelings of safety, comfort, or immersion

These effects are typically measured through self-report scales, behavioral indicators, and, in
some cases, physiological markers such as heart rate variability or skin conductance.
Importantly, outcomes are highly dependent on context, individual preference, and the
characteristics of the sound itself, including tempo, spectral content, and dynamic range.

In wellness applications, this context dependence is not a limitation but an expected feature. The
primary outcome of interest is the user’s subjective experience—how calm, grounded, focused,
or emotionally balanced they feel during and after a session. The research literature supports the
notion that gentle, well-balanced sound at moderate levels can facilitate these states, particularly
when the environment is designed to minimize distraction and support sustained attention or rest.

Vibroacoustic Experiences

Research on vibroacoustic stimulation, particularly low-frequency vibration delivered through
seating, beds, or platforms, has explored a range of perceptual and somatic outcomes. Across
studies and pilot investigations, commonly reported effects include:

o Perceived muscle relaxation and softening

e Increased body awareness and somatic presence

e Enhanced comfort and a sense of physical support

e Subjective reductions in restlessness, agitation, or tension

Methodologies vary widely, ranging from small, controlled trials to qualitative and exploratory
studies. Despite this variability, many investigations converge on similar physical parameters,
most notably low-frequency ranges between approximately 20 and 70 Hz and vibration
amplitudes that remain well within comfort thresholds. These ranges align closely with those
recommended for wellness-oriented vibroacoustic use, where the goal is gentle, perceivable
stimulation rather than strong mechanical loading.
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From a wellness perspective, the value of this research lies less in establishing causal treatment
effects and more in identifying conditions under which vibration is consistently described as
comfortable, grounding, and supportive. The emphasis on low frequencies, smooth temporal
patterns, and moderate intensity reinforces the importance of calibration and gradual transitions,
helping providers design experiences that are broadly tolerable and positively received across
diverse user populations.

5.2 Limitations of the Evidence Base

Despite growing interest in sound therapy and vibroacoustics, the existing research base has
notable limitations that warrant caution when applying findings in wellness contexts. Many
studies rely on small sample sizes, limiting statistical power and generalizability across
populations and making it difficult to establish reliable dose-response relationships for sound
level, frequency, or vibration amplitude. Methodological inconsistency further complicates
interpretation, as studies vary widely in measurement approaches, reporting standards, and
experimental protocols. Acoustic studies do not always report sound pressure levels using
standardized metrics or provide spectral detail, while vibroacoustic research inconsistently
specifies vibration parameters, sensor placement, or reference standards such as ISO 2631-1,
limiting direct translation into practical calibration guidance.

Another challenge is separating the effects of the physical stimulus from those of expectation,
context, and meaning. Sound and vibration are strongly shaped by psychological framing,
environmental cues, and prior experience, making it difficult to isolate sensory effects alone. For
wellness providers, these limitations underscore the importance of a conservative, transparent
approach focused on experience quality rather than clinical claims. Emphasizing accepted
operating ranges, clear communication, informed consent, and user control respects both the
current evidence base and the wide variability in individual response, aligning scientific
responsibility with the core values of wellness practice.

5.3 Implications for Wellness Practice

Given the current state of the evidence, wellness providers are best served not by replicating
clinical protocols or drawing medical conclusions, but by applying available knowledge in ways
that prioritize safety, comfort, and experiential quality. Variability in both user response and
research methodology makes rigid “dose” prescriptions for sound or vibration impractical;
instead, effective practice relies on transparent, adaptable operating guidelines.

Maintaining generally accepted ranges for sound pressure level and vibration intensity helps
ensure experiences remain gentle and broadly tolerable, reducing the risk of overstimulation
while supporting longer sessions and repeat participation. Clear communication about what users
may experience, along with the ability to adjust or discontinue stimulation at any time, supports
informed participation and shapes perception in a calm, supportive manner.

Consistent calibration and documentation of sound levels, spectral balance, and vibration
intensity provide a technical foundation for quality and safety, enabling comparable experiences
across sessions and spaces. Finally, regular user feedback allows programs to be refined over
time, integrating technical control with subjective experience to create offerings that are both
reliable and responsive.
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6. Measurable Acoustic Sound Therapy Parameters

Sound is the most immediately recognizable element of sound therapy, yet in many wellness
settings it is adjusted primarily by ear rather than by measurable parameters. While subjective
listening remains essential, the absence of consistent measurement can lead to significant
variation in loudness across rooms and sessions, affecting comfort and perceived quality.
Establishing basic acoustic guardrails does not constrain creative or experiential design; instead,
it provides a stable foundation for making sound choices that are safe, consistent, and repeatable.

6.1 Sound Pressure Level (SPL)

Sound pressure level is a primary determinant of how sound is experienced over time. It
influences not only immediate comfort but also fatigue, stress response, and the ability of users
to remain relaxed and engaged throughout a session. In wellness-oriented sound therapy, the goal
is typically to support calm, sustained attention or deep relaxation, states that are more readily
maintained at moderate, non-intrusive sound levels. Excessive loudness, even when subjectively
“pleasant,” can increase physiological arousal and limit the duration over which the experience
remains restorative.

Recommended operating range for most wellness sound therapy rooms:
e 45-65 dBA (A-weighted, slow response)

For most wellness sound therapy rooms this provides a practical balance between audibility,
immersion, and comfort. Levels toward the lower end of this range are comparable to a quiet
indoor environment and are well suited for meditation, breathwork, and extended relaxation
sessions. Levels toward the upper end may be appropriate for more immersive or emotionally
engaging soundscapes, provided that exposure duration is limited and dynamic peaks are
controlled.

Short excursions above this range can be acceptable for brief musical transitions, crescendos, or
intentional moments of emphasis, but such peaks should not define the overall session. Sustained
operation at higher SPLs increases the risk of listener fatigue and may shift the nervous system
toward heightened arousal rather than the parasympathetic-dominant states typically sought in
wellness contexts. By monitoring and documenting SPL within these recommended bounds,
providers can ensure that sound remains a supportive, sustainable element of the experience,
enabling longer sessions, greater user comfort, and more consistent outcomes across different
spaces and programs.
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Sound Therapy Room SPL Calibration

| Target Level: 45-65 dBA |
o (Wellness Range)

Additional P~
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Note that a single measurement position is not always adequate. If the SPL meter is
placed in the location of a strong room mode, it will skew the measurement. Some trial
and error may be required in X, Y and Z axes to find a reliable measurement position.
Several measurement positions may be required with averaging in order to find a more
consistent level.

6.2 Spectral Balance and Content Design

While sound pressure level provides a measure of overall loudness, it does not describe how
energy is distributed across the frequency spectrum, and this distribution plays a critical role in
how sound is perceived and tolerated over time. Two soundscapes with identical SPL can evoke
very different responses depending on their spectral balance, timbral characteristics, dynamic
behavior, and compositional structure. In wellness-oriented acoustic and vibroacoustic therapy,
the aim is to create an auditory environment that feels continuous, gentle, and physiologically
supportive rather than stimulating or attention-demanding.

For this reason, many therapeutic sound programs emphasize low to mid frequency ranges,
approximately 40-500 Hz, where the human auditory system is both sensitive and tolerant, and
where sound is often perceived as warm, full, and grounding. These frequencies also interact
more smoothly with the body and the room, supporting a sense of immersion without sharp
localization or piercing quality. In vibroacoustic applications, this band additionally supports
effective tactile coupling through transducers and resonant surfaces, forming a stable somatic
and acoustic foundation for relaxation-oriented sessions.

Effective source content for acoustic therapy is purpose-built rather than conventionally musical.
Therapeutic tracks are typically designed using controlled spectral and temporal elements,
including sustained tones, harmonic layering, slow modulation, and repetitive or cyclical
structures that support nervous-system regulation and entrainment. Composition generally
prioritizes tonal stability, gradual progression, and textural coherence over melody-driven
engagement, reducing cognitive load and supporting sustained internal focus.
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Equally important is the character of spectral transitions and temporal dynamics within the
content itself. Gradual, rate-limited changes in frequency distribution and amplitude, with
controlled rise and fall times rather than abrupt onsets, help prevent startle responses and reduce
perceptual strain. The avoidance of sharp transients—short-duration, high-amplitude, high-
frequency spikes—minimizes unintended sympathetic activation and distraction. Smooth
envelopes, continuous textures, and predictable dynamic contours improve long-duration
listening tolerance and session consistency.

Frequency-structured content is often used to organize therapeutic tracks. This may include
narrow-band low-frequency tones for somatic relaxation, broadband ambient fields for stress
reduction, and gently pulsed or amplitude-modulated elements intended to support rhythmic
entrainment. Harmonic stacks and layered bands can be arranged to create stable resonance
patterns while preserving spectral balance. When used, modulation depth and rate are typically
constrained to remain subtle and non-intrusive.

Sound material intended for vibroacoustic delivery systems must meet additional design and
mastering criteria. Tracks should maintain sufficient low-frequency energy for tactile perception
while avoiding distortion, excessive dynamic swings, or phase irregularities that produce
unpredictable vibration patterns. Clean waveform structure controlled dynamic range, and
preservation of low-frequency integrity at therapeutic playback levels improve repeatability and
user comfort. Not all commercial audio meets these requirements, and purpose-engineered
content generally produces more consistent physiological responses than adapted entertainment
media.

Excessive emphasis on very low frequencies, particularly in the sub-bass region, can be
experienced as physically intrusive or oppressive, especially in smaller rooms or when combined
with mechanical vibration. Conversely, dominant high-frequency content can lead to listening
fatigue, irritability, or perceived sharpness over time, even at moderate SPL. Balanced spectral
weighting, moderated extremes at both ends of the spectrum, and careful low-frequency
management are therefore central to safe and effective session design.

Therapeutic content is commonly organized into structured libraries and session formats aligned
to intended outcomes such as relaxation, recovery, focus, or sleep support. Tracks may be
produced in multiple durations and arranged in progressive sequences that shift spectral density
and intensity gradually across a session. Some formats integrate guided breathing cues or
minimal spoken prompts to align auditory stimulation with respiratory and cognitive regulation.
Across formats, consistent spectral balance, gentle temporal evolution, and clinically intentional
composition principles support auditory environments that remain comfortable, immersive, and
therapeutically supportive throughout the duration of a session.

6.3 Room Acoustics and Spatial Consistency

In wellness environments, where consistency and comfort are central to the experience, uneven
sound pressure levels across seating or recline positions can undermine relaxation and perceived
safety. Assessing the room acoustically—rather than relying on a single listening point—is
therefore essential. Measuring SPL at multiple representative positions helps identify hotspots,
nulls, and coverage irregularities caused by room modes and reflections.
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In small rooms, modal behavior dominates below the room’s critical frequency, which can be
approximated as Fc =~ 3¢ / d (where c is the speed of sound and d is the smallest room
dimension). For example, with a 10-ft floor-to-ceiling height, Fc = 339 Hz, meaning modal
effects strongly influence most energy below this range regardless of other dimensions. As a
result, maintaining spatial level variation within +3 dB across the full spectrum is desired byt
generally not achievable in small rooms, particularly when program material emphasizes low-
frequency content (e.g., 40-500 Hz). Uniformity targets should therefore be frequency-band
specific and evaluated separately for modal and non-modal regions.

Low-frequency behavior deserves particular attention. Standing waves produced by room
dimensions can cause localized bass buildup or cancellation, especially in smaller or untreated
spaces. These effects can be moderated through thoughtful room design, appropriate acoustic

treatment, and, when necessary, modest equalization, resulting in a more even and supportive
sound field.

Equally important is the acoustic quality of the room itself. A low ambient noise floor allows
subtle details in the soundscape to be perceived without raising playback levels, supporting
comfort and longer session durations. Background noise from HVAC systems, building
vibration, exterior sources, or uncontrolled reverberation forces higher playback levels to achieve
clarity, reducing immersion and relaxation.

Effective room design minimizes unwanted noise, reflections, and resonances so that the
dominant auditory information is the intended program material. This includes basic isolation
measures, low-noise mechanical systems, and in-room acoustic treatment such as broadband
absorption, low-frequency control, and selective diffusion. The goal is a quiet, well-damped
space with controlled reverberation and RT60 measurement less than 0.6 seconds, enabling
precise, low-level playback that feels enveloping rather than intrusive. In wellness applications,
such an environment provides a foundational condition for safety, comfort, and high-quality
sensory experience.

For a high-quality sound therapy or vibroacoustic wellness room, the ideal ambient (background)
sound pressure level is:

20-30 dBA (A-weighted, slow response) with <25 dBA being an excellent target.

At this level:
e The room is perceived as acoustically silent
o Subtle musical detail and spatial cues are audible without raising playback volume
o The nervous system is not held in a state of vigilance by background noise
o Low-level soundscapes can feel immersive and enveloping
e Vibroacoustic sensation does not need to compete with environmental noise

Practical reference points

Environment Typical Ambient Level
Recording studio (control room) 15-25 dBA
High-end meditation room 20-30 dBA
Quiet residential bedroom at night30-35 dBA
Library ~40 dBA
Typical office 45-55 dBA
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For wellness sound therapy, you ideally want the room quieter than a library and approaching
studio conditions.

Recommended targets by use

Application Ideal Ambient SPL
Deep relaxation / meditation 20-25 dBA
General wellness sound room 25-30 dBA
Acceptable upper limit <35 dBA
Above ~35 dBA:
o Playback must be louder to achieve immersion
e Dynamic range is reduced
o The nervous system remains partially alert
e Subtle low-level vibration and sound coherence are masked
Design implications
To achieve <30 dBA:
o Isolate from exterior noise (mass, sealing, double walls if needed)
e Silence HVAC (< NC-20 or NC-15)
o Eliminate electrical hum and ground noise
e Use vibration isolation for building-borne noise
o Treat room acoustics to suppress low-frequency rumble and flutter

An ambient level of 20-30 dBA allows the room to feel deeply quiet but not unnaturally silent,
creating the psychological and physiological conditions for the nervous system to fully downshift
into restorative states while allowing the sound and vibroacoustic systems to operate at gentle,
precise, and immersive levels.

It is highly recommended that an acoustical consultant, or a qualified professional with expertise
in room and building acoustics, be engaged during system design and implementation. Such a
consultant can provide critical services including calculating and optimizing reverberation time,
identifying and mitigating standing waves and room modes, evaluating sound transmission
between adjacent spaces and recommending construction strategies to reduce transmission, and
assessing HVAC noise to develop solutions that achieve acceptable Noise Criteria (NC) levels.
Involving acoustical expertise early in the process helps ensure that system performance
objectives are met and that acoustical issues are addressed proactively rather than through post-
installation mitigation which can be cost prohibitive or not even possible in some cases thus
impacting the usability of the space.
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7. Measurable Vibroacoustic Chair Parameters

Vibroacoustic chairs deliver direct mechanical stimulation through low-frequency vibration,
making careful calibration essential. Unlike sound, vibration is transmitted through physical
contact and experienced immediately, so small changes in level, frequency, or coupling can
significantly affect comfort and bodily response. Establishing conservative operating ranges—
defined by target frequency bands and amplitude limits using measurable parameters such as
vibration velocity (mm/s RMS)—helps ensure stimulation remains supportive rather than
intrusive. Documenting these settings and verifying performance under realistic loading
conditions supports consistency across chairs, rooms, and sessions, aligning vibroacoustic
systems with the gentle, restorative goals of wellness environments.

7.1 Frequency Selection and Experience Design

In designing vibroacoustic wellness sessions, the selection of audio tracks and vibration
programs should be informed by the frequency ranges they emphasize, as different low-
frequency bands tend to evoke distinct subjective sensations in the body. Frequencies in the 20—
40 Hz range are most associated with feelings of grounding and deep calm; they are often
perceived as slow, stable, and supportive, making them well suited for relaxation, stress
reduction, and settling the nervous system. The 30—60 Hz range is frequently described as
engaging a broader area of the body, producing a sense of full-body awareness and gentle
internal movement that can enhance somatic presence and embodied attention. Higher low-
frequency bands, approximately 50—100 Hz, tend to feel more energizing and texturally rich,
sometimes described as stimulating or alerting, and may be appropriate for shorter sessions or for
experiences intended to increase sensory vividness rather than deep rest.

When selecting tracks for wellness-oriented vibroacoustic programs, it is therefore useful to
consider not only musical style or emotional tone, but also the dominant low-frequency content
and how it will translate into physical vibration. Tracks with strong energy in the lower portion
of the spectrum (around 20—40 Hz) are typically favored for relaxation-focused sessions, as they
support a sense of stability and calm without excessive stimulation. Material emphasizing higher
low-frequency bands may be reserved for more activating or exploratory experiences or used
sparingly within an otherwise gentle program. In practice, many wellness sessions emphasize the
lower end of the 20—70 Hz range, pairing slow musical phrasing with correspondingly slow, low-
frequency vibration to promote grounding, comfort, and sustained relaxation, while maintaining
generally accepted amplitudes and smooth transitions to accommodate a wide range of user
sensitivities.

7.2 Amplitude and Perceived Intensity

Amplitude is the primary factor determining how strong or pronounced a vibroacoustic stimulus
feels to the user. In physical terms, it reflects the magnitude of motion at the contact surface and
directly influences how much energy is transmitted into the body. For wellness-oriented
applications, the goal is not to maximize physical force, but to provide a level of vibration that is
clearly perceptible, supportive, and immersive while remaining gentle and comfortable over
sustained periods.
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Among the available vibration metrics, velocity expressed in millimeters per second root-mean-
square (mm/s RMS) is particularly well suited for controlling and communicating perceived
intensity. Unlike acceleration, which can vary widely with frequency and may not correspond
intuitively to how strong the vibration feels, velocity integrates both frequency and displacement
in a way that aligns more closely with human tactile perception across the low-frequency range
typically used in vibroacoustics. As a result, velocity-based calibration allows different chair
designs and transducer types to be matched more reliably in terms of subjective experience.

For most wellness applications, a typical operating range of approximately 0.5-5.0 mm/s RMS
provides sufficient physical presence to feel grounding and immersive without becoming
intrusive or fatiguing. Levels toward the lower end of this range are often appropriate for first-
time users, longer relaxation sessions, or individuals with heightened sensory sensitivity. Levels
toward the upper end can be used for users who prefer a stronger somatic cue or for shorter,
more focused experiences, provided that frequency content and temporal patterns remain
smooth.

An upper comfort boundary around 8.0 mm/s RMS is commonly regarded as a practical limit for
seated or reclined exposure in wellness contexts. Above this level, vibration may begin to feel
overly forceful, distracting, or mechanically intrusive, and the risk of localized discomfort or
overstimulation increases, particularly near resonance frequencies or in areas of strong body—
chair coupling. Importantly, exceeding this range is rarely necessary to achieve a sense of depth,
immersion, or presence. Perceived richness and effectiveness of the experience are more strongly
influenced by frequency selection, rhythmic structure, and multisensory integration with sound
than by high amplitude alone.

By defining generally accepted velocity targets and monitoring them during calibration, wellness
providers can ensure that vibroacoustic intensity remains within a range that supports relaxation,
body awareness, and comfort, while accommodating individual differences and preserving the
gentle, restorative character of the experience.

It is important to note that a velocity target like 0.5-5.0 mm/s RMS does not translate to the same
acceleration across frequencies. For sinusoidal vibration: a = 2mfv. So at the same velocity,
acceleration rises linearly as frequency rises.

Example at 5.0 mm/s RMS:
Frequency Acceleration

20 Hz 0.63 m/s> RMS
40 Hz 1.26 m/s> RMS
70 Hz 2.20 m/s* RMS
100 Hz 3.14 m/s> RMS

So the velocity comfort range can be used across the vibroacoustic band as a practical perceived-
intensity target, but the acceleration value will not be constant. For calibration it is recommended
to use velocity as the main control target across 20—70 Hz, then separately check acceleration,
resonance peaks, and user comfort at each test frequency. Do not assume one acceleration limit
applies equally at 20 Hz and 70 Hz.
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7.3 Session Duration and Transitions

The temporal structure of a vibroacoustic session is as important to user comfort and perceived
benefit as the selected frequencies and amplitudes. Because vibration is a direct physical
stimulus, sudden onsets or abrupt terminations can startle the nervous system, draw attention
away from relaxation, and, in some individuals, provoke discomfort or mild disorientation.
Gradual transitions allow the body and sensory systems to adapt smoothly, supporting a sense of
safety and continuity.

A ramp-up period of at least 30 seconds enables vibration amplitude to increase progressively
from silence or near-silence to the target level, giving mechanoreceptors, postural muscles, and
autonomic responses time to accommodate the stimulus. Similarly, a ramp-down of at least 30
seconds at the end of the session allows the vibration to fade gently, helping users reorient
without a sudden loss of sensory support. These smooth transitions reduce the likelihood of
startle responses and contribute to an overall feeling of being “held” by the experience rather
than abruptly exposed to it.

For most wellness applications, a total session duration of approximately 20—40 minutes
provides a practical balance between depth of experience and user tolerance. Shorter sessions
may not allow sufficient time for the nervous system to settle into a relaxed, embodied state,
while much longer sessions can lead to sensory fatigue or restlessness, particularly for first-time
users. Within this time frame, sound and vibration can evolve slowly, supporting sustained
relaxation, body awareness, and emotional settling.

Allowing optional intensity adjustments during the session further supports individual variability
and user agency. Some participants may wish to begin at a lower vibration level and increase
slightly once they feel comfortable, while others may prefer to reduce intensity if they notice
emerging sensitivity or distraction. Providing simple, intuitive controls—or offering staff-
assisted adjustments—enables users to fine-tune the experience in real time, reinforcing a sense
of control and safety. Together, gradual transitions, appropriate session length, and adjustable
intensity create a temporal framework that aligns with the gentle, restorative goals of
vibroacoustic practice.

7.4 Documentation and Repeatability

Systematic documentation of vibroacoustic parameters supports consistency, quality, and
professionalism in wellness environments. Recording variables such as frequency ranges,
vibration levels, transition times, session duration, and sensor placement allows experiences to
be reproduced reliably across sessions, chairs, and rooms, reducing unintended variation. Clear
documentation also supports staff training by establishing standard settings and safety limits,
minimizing reliance on subjective judgment. Over time, recorded parameters enable quality
assurance, equipment monitoring, and structured refinement based on user feedback. This
practice does not medicalize the experience, but rather reflects a commitment to safe,
transparent, and consistently delivered wellness offerings.

27



8. Sound Therapy Room Calibration Procedure
(For Documenting See, Appendix A)

A structured calibration procedure helps ensure that sound therapy rooms deliver a consistent,
comfortable, and reproducible auditory environment across sessions and users. The goal is not to
rigidly standardize artistic content, but to establish reliable reference levels, spatial uniformity,
and a sufficiently low noise floor so that creative choices are experienced as intended and within
safe, wellness-appropriate limits.

Equipment Required

Calibration should be performed using basic, professionally recognized tools:

e A sound level meter capable of A-weighted, slow-response measurements, ensuring
accuracy and traceability.

e A real-time analyzer shows how loud different frequencies are in a sound at any given
moment.

e A tripod or stable stand to position the meter at a fixed, repeatable height and
orientation

e A pink noise generator and reference audio track representative of typical session
material, ideally containing the same spectral balance and dynamic range as the sound
programs used in practice

e A room layout diagram indicating loudspeaker locations, primary and secondary seating
or recline positions, and measurement points

Calibration Steps

1. Ambient Room Noise Floor Measurement (First and Foundational Step)

Before any audio playback equipment is powered, measure the ambient sound level of the room
to establish the acoustic noise floor.

e Ensure all program audio is off.

e Set the SPL meter to A-weighted, slow response.

o Place the microphone at ear height in the primary listening position.

e Record the 60-second average ambient SPL (Leq).
Target ambient levels:

e Ideal: 20-25 dBA

e Good: 25-30 dBA

e Maximum acceptable: <35 dBA
This step verifies that HVAC noise, exterior intrusion, electrical hum, and building vibration are
sufficiently low to allow subtle soundscapes to be perceived without raising playback levels.

2. System Warm-Up

Power on all audio components, including amplifiers, processors, and loudspeakers, and allow
them to stabilize for at least 10 minutes. This ensures that gain structure, noise floor, and
thermal behavior are representative of normal operating conditions.
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3. Primary Measurement Position

Place the SPL meter on the tripod at the primary listener position, with the microphone located
above the chair where the listener will be seated at approximate ear height for both a seated or
reclined user. This should be oriented toward the sound field as recommended by the meter
manufacturer.

4. Loudspeaker & Room Tuning

The loudspeaker system shall be calibrated and tuned using calibrated measurement microphones
and acoustic analysis software. Broadband pink noise and speech-spectrum program material
shall be used during alignment.

System operating level shall be adjusted to produce 45-60 dB SPL (A-weighted, slow) at seated
listener positions under test conditions.

DSP processing and parametric equalization shall be applied conservatively to optimize tonal
balance and speech naturalness. Equalization shall be based on spatially averaged measurements
taken at multiple seated ear-height positions within the therapy listening area.

The resulting spatially averaged frequency response shall meet the following tolerances using
1/3-octave smoothing:

e 13 dB from 200 Hz to 6 kHz
e +5dB from 100 Hz to 200 Hz

Equalization below 100 Hz shall be limited to control of dominant room modes and shall avoid
excessive boost.

5. Reference Playback

Play the selected reference audio at the volume typically used for wellness sessions. The content
should be continuous and steady enough to allow meaningful averaging, avoiding isolated
transients that could skew readings.

6. Level Recording

Using A-weighting and slow response, record:

o Average SPL (dBA) over a representative interval (30—60 seconds)

e Peak SPL (dBA) during the same interval
These values provide information about both sustained loudness and momentary dynamic
excursions.

7. Spatial Sampling

Move the SPL meter to all secondary seating or recline positions and repeat the measurements.
This identifies spatial variations caused by room modes, reflections, or uneven loudspeaker
coverage.
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8. System Adjustment
Adjust master gain, individual loudspeaker trims, and equalization as needed to:
e Bring all positions within the target SPL range
e Minimize differences between locations
e Control low-frequency buildup and standing waves
Re-measure after each adjustment to confirm results. Note that multiple channels of monaural
source material will introduce comb filtering into the sound field.

9. Documentation
Record:
e Ambient noise floor (dBA)
e Average and peak SPL at each position. Note measurements positions to establish a
baseline (include X, Y, and Z)
e Spatial variance
o Final gain and EQ settings
e Reference track used
e Date and technician or facilitator name
This creates a reproducible baseline for future checks and maintenance.

Acceptance Criteria

An acoustically treated sound therapy room is considered properly calibrated for wellness use
when all the following are met:

Room Conditions
o Ambient noise floor:
e Ideal <25 dBA
e Acceptable <30 dBA
e Maximum allowable <35 dBA

Operational Sound Levels
e Average SPL at all primary listening positions within the defined target range
(e.g., 45—65 dBA for relaxation-focused sessions)

Spatial Uniformity
e SPL variance across the defined listening area shall not exceed £3 dB from 125 Hz to 8
kHz, referenced to the spatial average SPL.

Acoustic Integrity
¢ No audible:
e Loudspeaker distortion
¢ Rattles or buzzes from furniture or structures
e HVAC rumble or electrical hum
o Unwanted mechanical vibration
e Flutter echo or strong standing-wave buildup

Meeting these combined room and system criteria ensures that the auditory environment is quiet,
even, comfortable, and repeatable—allowing immersive sound therapy experiences to be
delivered at gentle, nervous-system-friendly levels while maintaining professional standards of
quality, safety, and consistency.
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9. Vibroacoustic Chair Performance and Safety Verification

Procedure
(For Documenting See, Appendix B)

Vibroacoustic Chair Performance and Safety Verification Procedure is to establish a consistent,
measurement-based method for confirming that vibroacoustic seating systems operate within
generally accepted, comfort-oriented limits appropriate for wellness use, while remaining free of
mechanical faults, excessive resonance, or unintended structural vibration. This procedure
ensures that low-frequency stimulation is delivered in a controlled, repeatable, and perceptually
supportive manner by verifying frequency response, vibration intensity, ramp behavior, and user
comfort under realistic loading conditions. By combining objective physical measurements with
basic subjective validation, the protocol supports safety, quality assurance, and reproducibility
enabling wellness providers to deliver vibroacoustic sessions that are gentle, reliable, and aligned
with best practices in sensory comfort and user trust.

Equipment Required

e Vibration sensor
e Accelerometer or velocity sensor (ISO 2631-1 compatible preferred)
o Signal generator or calibrated test tones (sine sweep 10-100 Hz)
e Audio interface / analyzer (FFT or vibration analysis software)
o Reference user mass (or weighted test load approximating 60-90 kg)
e Chair layout & transducer location diagram

Test Procedure
Step 1 — Mechanical Integrity Check

Before energizing transducers:

e Inspect mounting hardware and fasteners

o Verify no loose panels, frames, or cushions

o Gently tap surfaces to identify potential rattles

e Confirm isolation feet or floor coupling elements are intact
Acceptance:

e No audible mechanical noise when lightly excited by hand

Step 2 — Ambient Structural Noise Floor

With no vibration signal applied:

e Place sensor at seat-body interface

e Record background vibration (RMS velocity or acceleration)

e Confirm that building vibration and HVAC is not intrusive
Acceptance:

o Background noise at least 20 dB below lowest operational level

Step 3 — Frequency Sweep & Resonance Mapping

1. Apply a low-level sine sweep (e.g., 10—100 Hz, constant drive voltage).
2. Measure vibration velocity (mm/s RMS) at seat surface.
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3. Plot response amplitude vs frequency.
4. Identify resonance peaks (chair—body coupling).
Acceptance:
e Resonance frequencies documented
e No narrowband peaks exceeding adjacent frequencies by >6 dB
e No structural ringing or buzzing at resonance

Step 4 — Therapeutic Operating Range Verification

For key frequencies (e.g., 20, 30, 40, 50, 70 Hz):
e Measure vibration velocity (mm/s RMS) at:
e Low setting
e Nominal setting
e Upper comfort setting
Target Wellness Ranges:
e 0.5-5.0 mm/s RMS (typical operating)
e <8.0 mm/s RMS (upper comfort boundary)
Acceptance:
e Output is smooth and controllable across range
e No sudden jumps, dropouts, or nonlinear distortion

Step 5 — Ramp & Temporal Behavior

Apply session envelope:
e 30-60 s ramp-up
e 1020 min steady operation
e 30-60 s ramp-down
Observe:
e No transient thumps
e No amplifier clipping
e No thermal drift
Acceptance:
e Smooth envelope, no startle-inducing events

Step 6 — Subjective Comfort Validation

With 2-3 test users of different body mass:
e Run standard relaxation program
e Collect ratings on:
e Comfort
o Evenness
e Presence of hot spots
e Perceived safety
Acceptance:
e No reports of localized discomfort
e No dizziness, nausea, or agitation
e Resonance zones not perceived as overpowering



Documentation

Each chair shall have a Vibroacoustic Performance Record including:
e Chair model / serial
e Transducer type and mounting
e Sensor type and location
e Resonance frequencies
e Velocity levels at reference frequencies
e Ramp times
e User comfort notes
o Date, technician, calibration equipment

Acceptance Summary Criteria

A vibroacoustic chair is approved for wellness operation when:
e Frequency response is smooth and documented
e Velocity remains within 0.5-5.0 mm/s RMS for normal use
e No resonance peaks create “hot spots”
e No audible or tactile mechanical artifacts
e Ramps are smooth and startle-free
o Users report comfort and grounding, not overstimulation

This procedure does not medicalize the chair. It ensures:

e Mechanical safety

e Sensory comfort

e Reproducibility

o Professional-grade quality control
By verifying vibration physics, resonance behavior, and perceptual response together, wellness
providers can deliver vibroacoustic experiences that are measurable, gentle, immersive, and
trustworthy—supporting relaxation and embodied awareness without excessive force or
uncertainty.

Vibroacoustic Chair Measurement

Audio Source

§
1
&

Amplifier

Vibration Sensor
(ISO 2631-1)

20-70 Hz (Typical Wellness Use)

0.5-5.0 mm/s RMS
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10. Safety and Ethical Considerations

Sound therapy and vibroacoustic experiences in wellness settings are non-medical and voluntary,
yet they involve direct sensory and physical stimulation that can meaningfully influence
perception, arousal, and bodily state. Ethical practice therefore requires a conservative,
transparent approach that prioritizes user autonomy, comfort, and safety, and that clearly
distinguishes wellness experiences from medical treatment.

10.1 Contraindications

Although sound and low-frequency vibration are well tolerated at generally accepted levels,
certain conditions warrant caution or professional consultation before participation. These
contraindications are advisory rather than diagnostic and are intended to support informed self-
selection rather than to screen or exclude medically.

Pregnancy

Low-frequency vibration may be transmitted through the body in ways that are not well studied
during pregnancy. While gentle sound is generally considered safe, whole-body or localized
vibration should be approached conservatively, and participation should occur only with
informed personal and medical guidance.

Epilepsy or Seizure Sensitivity

Rhythmic sensory stimulation, including sound and vibration, can in rare cases act as a trigger
for individuals with seizure disorders, particularly when combined with strong rhythmic
entrainment or high intensity. Even in wellness contexts, users with known seizure sensitivity
should consult a qualified healthcare professional before engaging in vibroacoustic experiences.

Implanted Electronic Medical Devices

Devices such as pacemakers, neurostimulators, or infusion pumps may be sensitive to strong
electromagnetic fields or mechanical vibration. Although vibroacoustic systems operate at low
power, safe practice recommends that individuals with implanted devices seek medical guidance
prior to participation and that vibration intensity remain minimal if used at all.

Severe Motion or Vestibular Sensitivity

Low-frequency vibration and immersive sound can alter balance perception and body
orientation. Individuals with significant vestibular disorders, vertigo, or motion sensitivity may
experience discomfort, dizziness, or nausea, particularly if vibration is strong or modulated
rapidly. Gentle levels, gradual ramps, and the option to discontinue at the first sign of discomfort
are essential.

10.2 Informed Participation

Ethical wellness practice is grounded in informed, voluntary participation and respect for
individual agency.

Clear Wellness Positioning and Disclaimer
Participants should be explicitly informed that sound therapy and vibroacoustic sessions are
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offered as wellness experiences, not as medical treatments, and that they do not diagnose, treat,
or cure any condition. This framing supports realistic expectations and prevents the inadvertent
creation of therapeutic or clinical assumptions.

User Control and Right to Stop

Participants must be able to stop the session at any time without explanation or pressure.
Controls should be easily accessible, and staff should communicate clearly that adjustments or
termination are always acceptable. This sense of control is central to both psychological safety
and nervous-system regulation.

Staff Training in Observation and Response
Facilitators should be trained to recognize signs of discomfort, overstimulation, anxiety,
dizziness, or dissociation, and to respond calmly and promptly. Training should include:
e Monitoring body language and breathing
e Checking in verbally when appropriate
e Adjusting sound or vibration levels
o Ending sessions gently when needed
e Providing grounding support if a participant feels unsettled

Together, these measures ensure that sound and vibroacoustic wellness experiences are delivered
within a framework of transparency, consent, and care. By combining physical parameters with
clear communication and attentive facilitation, providers create environments that support
relaxation and exploration while honoring personal boundaries and physiological diversity.
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11. Standardization for Wellness Providers

Standardization in wellness-oriented sound therapy and vibroacoustics does not imply rigid
uniformity or clinical protocol. Rather, it provides a shared framework for describing, measuring,
and communicating key aspects of the experience in a way that supports safety, quality, and
trust. By documenting a small set of core physical parameters, providers can ensure that sessions
are delivered consistently over time, across different facilitators, and, when relevant, across
multiple locations, while still allowing for creative variation in content and experiential design.

At a minimum, recommended documentation should include the sound pressure level (SPL)
range used during sessions, expressed in dBA and measured at the listener position.
Documentation should report both the typical operating level (time-averaged level such as LAeq
or slow RMS) and the maximum permitted peak level, defined as the highest allowable short-
duration SPL measured with a specified detector setting (e.g., LAFmax or LCpeak). Peak limits
should be imposed through system gain structure, calibrated level setting, and—where
available—output limiters or dynamic range controls to ensure that transient events cannot
exceed the defined threshold. Recording both operating and peak limits clarifies loudness
boundaries, supports repeatable calibration, and helps ensure that exposure remains within
wellness-appropriate, non-fatiguing bounds. This information also supports system verification,
maintenance checks, and informed communication with users who may be sensitive to sound
intensity.

Documenting the frequency bands emphasized in both the audible sound and the vibroacoustic
signal provides insight into the character of the experience. Noting whether sessions primarily
highlight lower frequencies for grounding, midrange content for emotional warmth, or higher
low-frequency bands for sensory richness helps align program design with intended outcomes
and supports more precise comparison between different tracks or session formats.

For vibroacoustic components, recording the vibration velocity range (mm/s RMS) used during
typical operation establishes a clear, physically meaningful reference for intensity. This allows
different chairs, transducer types, and amplification systems to be aligned in terms of perceived
strength and comfort, and it supports the identification of generally accepted default settings and
upper comfort limits.

Finally, specifying session duration, including ramp-up and ramp-down times, clarifies the
temporal structure of the experience. Duration influences nervous-system response, sensory
adaptation, and overall comfort, and consistent documentation allows providers to evaluate how
different session lengths correlate with user feedback and satisfaction.

Together, these basic documentation elements—SPL range, frequency emphasis, vibration
velocity range, and session duration—create a transparent and reproducible description of the
physical and temporal characteristics of each offering. This level of standardization supports
internal quality assurance, facilitates staff training, and enables clear communication with
participants. By making the sensory parameters of the experience visible and consistent,
providers strengthen user confidence and trust, reinforcing the perception that sessions are
thoughtfully designed, responsibly delivered, and aligned with best practices in wellness care.
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12. Conclusion

Acoustic sound therapy and vibroacoustic experiences have become defining elements of
modern wellness environments because they offer a direct, accessible pathway into relaxation,
embodied awareness, and restorative sensory states. When delivered with care, these modalities
can create experiences that users consistently describe as calming, grounding, emotionally
supportive, and physically comforting. At the same time, the rapid growth of sound rooms and
vibroacoustic seating has outpaced the adoption of shared implementation standards, resulting in
wide variation in loudness, frequency balance, vibration intensity, and overall user experience
quality.

This white paper has presented a wellness-oriented framework that bridges scientific foundations
with practical operational guidance. It emphasizes that sound and vibration are not merely
aesthetic variables, but measurable physical stimuli that influence comfort, sustainability, and
trust. By defining target ranges—such as 45-65 dBA for loudspeaker-based sound experiences
and 0.5-5.0 mm/s RMS for vibroacoustic vibration velocity—providers can move from
subjective “dialing in” toward repeatable, defensible practices that are easier to train, maintain,
and communicate. Just as importantly, the document highlights that frequency content, resonance
behavior, and room acoustics can significantly alter perception even when nominal levels appear
unchanged, reinforcing the need for both measurement and thoughtful design.

The procedures and appendices included in this paper—ambient room noise assessment, room
calibration protocols, vibroacoustic chair testing, documentation templates, and acceptance
criteria—are intended to be practical tools for real-world deployment. They enable wellness
providers to deliver consistent experiences across sessions, reduce avoidable discomfort, and
establish professional-grade quality control without medicalizing the service. Combined with
clear informed participation language, attention to contraindications, and staff training for
observation and response, these practices create an ethical framework that centers user autonomy
and safety while preserving the experiential intent of wellness work.

Ultimately, the promise of sound and vibroacoustic wellness offerings is strengthened—not
diminished—by standardization. When providers can describe what is being delivered in
measurable terms, they improve transparency for users, consistency for staff, reliability for
stakeholders, and credibility for the industry as a whole. By adopting the guidelines and
protocols outlined here, wellness environments can provide sound and vibroacoustic experiences
that are not only immersive and aesthetically compelling, but also responsibly implemented,
repeatable, and worthy of long-term user trust.
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Appendix A

Sound Therapy Room Ambient Noise, Calibration Acceptance, and Documentation
Standard (Wellness Use)

This appendix defines the environmental acceptance criteria and documentation requirements for

wellness sound therapy rooms. It complements the calibration procedure by establishing
objective thresholds for room quietness, sound level uniformity, and acoustic integrity, and by
specifying how results should be recorded to ensure quality, safety, and repeatability.

A.1 Purpose

To ensure that each sound therapy room:
e Maintains a sufficiently low ambient noise floor to support subtle, low-level
soundscapes
e Operates within wellness-appropriate SPL ranges
e Provides spatially uniform sound distribution
e Remains free from acoustic or mechanical artifacts
o Is supported by clear, repeatable documentation

A.2 Acceptance Criteria

1. Ambient Noise Floor (Room at Rest)

Measured with all program audio off and HVAC operating normally, using A-weighted, slow
response at ear height.

Classification Ambient SPL
Ideal (Studio-Grade) <25dBA
Acceptable (Wellness Standard) 25-30 dBA
Maximum Allowable <35dBA

Rooms exceeding 35 dBA should receive additional isolation, HVAC silencing, or acoustic
treatment before operational calibration.

2. Operational Sound Levels

Measured during reference playback at intended session level.

Parameter Requirement
Average SPL Within target range (typically 45-65 dBA)
Peak SPL Controlled, non-fatiguing, no clipping

Dynamic Stability No compression pumping or distortion

3. Spatial Uniformity

Measured at all primary and secondary seating or recline positions.
Parameter Requirement

SPL Variance <43 dB across listening area

Low-Frequency Consistency No strong modal “hot spots” or nulls
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Parameter Requirement
Coverage Even tonal balance at all positions

4. Acoustic Integrity

The room shall exhibit:
e No audible HVAC rumble or airflow hiss
e No electrical hum or grounding noise
e No rattling fixtures, resonant furniture, or structural buzz
e No flutter echo or long-decay reflections
e No dominant standing-wave buildup in the bass range

A.3 Required Documentation

Each calibration cycle shall generate a Room Acoustic Compliance Record including:

A. Environmental Baseline

e Date and time

e Room identification

e Ambient noise floor (dBA, 60-second average)
e HVAC operating mode

o Exterior noise conditions (if relevant)

B. Operational Calibration Data

Reference audio track used

Average and peak SPL at each measurement position
Spatial variance (max—min)

Final system gain and equalization settings

C. Vibroacoustic Compatibility (if applicable)

e Structural vibration audit
e Floor and seating isolation status
o Absence of low-frequency rattles or coupling artifacts

D. Verification and Sign-Off

o Technician / Facilitator name
e Measurement instrument model and last calibration date
e Compliance status:
e [1 Meets Wellness Acoustic Standard
o [ Requires Adjustment
o [ Requires Architectural or Mechanical Mitigation

A.4 Re-Verification Interval

Room acceptance and documentation should be updated:
e Quarterly (recommended)
e After any audio system modification
e After acoustic treatment or furnishing changes
o After HVAC service or building alterations
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o Following user reports of noise, imbalance, or discomfort

This acceptance and documentation standard does not medicalize the environment. It establishes
professional-grade control of:

e Perceptual safety

e Acoustic consistency

e User comfort

e Reproducibility of experience
By maintaining a low noise floor, even spatial response, and traceable calibration records, sound
therapy rooms can function as quiet, supportive, and immersive sensory environments,
allowing sound and vibroacoustic programs to be delivered at gentle, nervous-system-friendly
levels while preserving the highest standards of quality and trust.
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Sound Therapy Room Acceptance & Calibration Checklist

Room Identification

e [1Room name /ID recorded

e [ Date and time logged

e [ Technician / facilitator name recorded

e [ SPL meter model and last calibration date recorded

Ambient Noise Floor (Room at Rest)

e [ Program audio off

o [ HVAC operating in normal mode

e [ SPL meter set to dBA, slow response

e [J Microphone at ear height in primary position
e [160-second average measured (Leq)

Measured Ambient Level: dBA

e [1<25dBA (ideal)

e [125-30 dBA (acceptable)

e [1<35dBA (maximum allowable)

o [IIf>35 dBA — mitigation required

System Warm-Up

e [1 All audio equipment powered on
o [ Warm-up period > 10 minutes completed

Reference Playback Setup

o [ Reference calibration track identified

e [ Pink noise available if needed

o [ Typical session playback level selected
o [ Loudspeakers confirmed operational

Reference Track:
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Primary Position Measurement

e [ Meter on tripod
o [ Microphone at seated/reclined ear height
e [ Correct orientation per meter spec

Average SPL: dBA
Peak SPL: dBA

o [ Within target operating range (typically 45—65 dBA)

Spatial Sampling (All Listening Positions)

e [ Secondary seating/recline positions measured
e [ SPL recorded at each position
o [ Positions labeled (X/Y/Z or seat ID)

Max SPL: dBA
Min SPL: dBA
Variance: dB

e [ Spatial variance < +3 dB (125 Hz—8 kHz where achievable)

Spectral & Tonal Check

o [IRTA or analyzer used

e [I Broadband response reviewed

e [ No major spectral imbalance

e [JNo dominant narrow peaks

o [ Low-frequency modes moderated where possible

Acoustic Integrity Check

e [INo audible speaker distortion

e [ No rattles or buzzes

e [ No electrical hum

e [1No HVAC rumble/hiss

e [ No flutter echo

o [ No strong standing-wave buildup
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Room Targets Verification

e [IRT60 <0.6 seconds (if measured)
o [ Ambient target < 30 dBA achieved
e LI NC rating appropriate (if measured)

Documentation Complete

o [ Ambient level recorded

o [1SPL averages & peaks recorded

e [J Measurement positions documented
e [ Final gain & EQ settings saved

e [ Reference track logged

o [ Compliance status marked

Room Status:

o [ Meets Wellness Acoustic Standard
o [ Requires Adjustment
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Appendix B
Vibroacoustic Chair Performance, Acceptance, and Documentation Standard

This appendix defines a standardized procedure for testing, accepting, and documenting
vibroacoustic chairs used in wellness environments. It establishes measurable criteria for
vibration output, resonance behavior, mechanical integrity, and user comfort, ensuring that chair-
based stimulation is safe, consistent, and aligned with generally accepted wellness operating
ranges.

B.1 Purpose

To verify that each vibroacoustic chair:
e Delivers controlled, low-frequency vibration within comfort-oriented limits
o Exhibits no hazardous resonance, mechanical noise, or structural artifacts
e Can be calibrated using reproducible physical measurements
e Provides a consistent sensory experience across users and sessions
o Is supported by clear acceptance documentation and quality assurance records

B.2 Required Test Equipment

e Vibration sensor (accelerometer or velocity sensor, ISO 2631-1 compatible)
o Signal generator or calibrated frequency sweep (10—-100 Hz)

e Audio analyzer or FFT software

o Representative test load or seated user (60-90 kg range)

o Chair and transducer layout diagram

B.3 Test and Verification Procedure

1. Mechanical Integrity Inspection

o Inspect frame, transducer mounts, fasteners, and cushions

o Lightly excite surfaces to detect rattles or loose components
Acceptance:
No audible or tactile mechanical noise at rest or during low-level excitation.

2. Structural Noise Floor

e Measure background vibration at seat interface with no signal applied
Acceptance:
Ambient vibration at least 20 dB below minimum operational vibration level.

3. Frequency Sweep and Resonance Identification

e Apply low-level sine sweep (10-100 Hz)
e Measure vibration velocity (mm/s RMS) at seat surface
o Identify resonance peaks and coupling behavior
Acceptance:
e Resonance frequencies documented
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e No narrowband peaks >6 dB above adjacent frequencies
e No audible buzzing, ringing, or structural amplification

4. Operating Range Verification

Measure vibration velocity at representative frequencies (e.g., 20, 30, 40, 50, 70 Hz):

Parameter Acceptance Range
Typical Wellness Level 0.5-5.0 mm/s RMS
Upper Comfort Boundary < 8.0 mm/s RMS

Absolute Maximum (Not for routine use) < 10 mm/s RMS
Output must be smooth, controllable, and free from nonlinear jumps or clipping.

5. Temporal Envelope (Ramps and Stability)

e Apply standard session envelope:
e >30 s ramp-up
e 1020 min steady state
e >30 s ramp-down
Acceptance:
e No thumps, pops, or startle transients
e No amplifier clipping or thermal drift
o Stable vibration level throughout session

6. Subjective Comfort Validation

Conduct test sessions with at least two users of differing body mass:
Evaluate:
e Comfort
e Evenness of sensation
e Presence of resonance “hot spots”
e Absence of dizziness, nausea, or agitation
Acceptance:
All users report the experience as gentle, supportive, and non-intrusive.

B.4 Acceptance Criteria Summary

A vibroacoustic chair is approved for wellness operation when:
e Vibration velocity remains within defined comfort ranges
e Resonance behavior is mapped and controlled
e No mechanical or structural artifacts are present
e Ramps are smooth and non-startling
e Subjective feedback confirms comfort and grounding

B.5 Required Documentation

Each chair shall have a Vibroacoustic Chair Compliance Record containing:
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A. Identification

e Chair model and serial number
e Transducer type, number, and mounting method

B. Measurement Data

e Sensor type and placement

e Resonance frequencies

e Velocity (mm/s RMS) at reference frequencies
e Ramp times

e Maximum operating levels

C. Environmental and Structural Notes

e Floor coupling or isolation method
e Presence or absence of low-frequency structural vibration
e Mechanical noise audit results

D. User Comfort Verification

e Test user body mass range
o Comfort ratings
e Notes on perceived evenness and depth

E. Verification Sign-Off

Date of test

Technician / facilitator name

Measurement equipment and calibration date
Compliance status:

o [ Approved for Wellness Use
e [1Requires Adjustment
o [ Requires Mechanical or Acoustic Mitigation

B.6 Re-Verification Interval

Chair testing and documentation shall be updated:
e Semi-annually (recommended)
e After any transducer replacement or mounting change
e After amplifier or DSP modification
e After relocation of the chair
o Following any user report of discomfort, excessive vibration, or noise

This appendix establishes professional-grade physical verification without medicalizing the
experience. It ensures that vibroacoustic chairs operate as gentle, predictable, and embodied
wellness instruments, delivering measurable, reproducible low-frequency stimulation that
supports relaxation and somatic awareness while remaining safely within generally accepted,
user-centered limits.
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Vibroacoustic Chair Performance & Safety Checklist

Chair Identification

e [ Chair model recorded

e [ Serial number recorded

e [ Transducer type documented

e [1 Mounting method documented
e [ Test date logged

e [ Technician name recorded

Mechanical Integrity Inspection

e [l Frame inspected

e [ Transducer mounts secure

o [ Fasteners tight

e [ Cushions stable

o [lIsolation feet intact

e [INo loose panels

o [ No rattles when lightly excited

Structural Noise Floor

e [ Sensor placed at seat—body interface
e [INo drive signal applied
o [ Background vibration measured

Background Level:

e [1>20 dB below minimum operating level

Frequency Sweep & Resonance Mapping

o [ Sine sweep performed (10-100 Hz)
e [ Constant drive level used

e [ Velocity measured (mm/s RMS)

o [ Response curve plotted

Resonance Peaks:
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o [ Peaks documented
e [ No peak >6 dB above adjacent bands
e [ No buzzing or structural ringing

Operating Range Verification

Test Frequencies:

e« [20Hz
e [130Hz
e [140Hz
e [50Hz
e [170Hz

Measured Velocity (mm/s RMS):

Low:
Nominal:
Upper:

e [ Typical range 0.5-5.0 mm/s RMS
o [ Upper comfort < 8.0 mm/s RMS
e [ No nonlinear jumps

e [ No clipping

Ramp & Temporal Behavior

e [J Ramp-up > 30 seconds

e [ Steady run 10-20 minutes
o [ Ramp-down > 30 seconds
e [J No thumps or pops

o [ No startle transients

o [ No amplifier clipping

e [INo thermal drift observed

Subjective Comfort Validation

e [ Minimum 2 test users
e [ Different body masses tested
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User Feedback:

Comfort: [1 Yes [ No

Evenness: [J Yes [J No

No hot spots: L1 Yes [1 No

No dizziness/nausea: [1 Yes [1 No

Vibroacoustic Documentation

L1 Sensor type recorded

L] Sensor placement recorded

L] Resonance frequencies logged
L1 Velocity levels logged

L1 Ramp times logged

I Floor coupling noted

[0 Comfort notes recorded

Acceptance Decision

Chair Approved for Wellness Use:

[ Yes — Approved
L] Adjustment Required
[ Mechanical Mitigation Required
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Appendix C

Glossary of Terms

A-Weighting (dBA)
A frequency-weighting curve applied to SPL measurements that approximates human hearing
sensitivity at moderate levels by reducing very low and very high frequency contributions.

Acceleration (m/s> RMS)
A vibration metric describing the rate of change of velocity over time. Widely used in vibration
standards, though often less intuitive than velocity for perceived vibroacoustic intensity.

Acoustic Sound Therapy

The intentional use of air-conducted sound delivered through loudspeakers to support relaxation,
emotional regulation, and contemplative states in wellness environments, framed as non-medical
and experiential.

Acoustic Treatment
Materials and design methods used to control reflections, reverberation, and room modes to
improve clarity, comfort, and spatial consistency of reproduced sound.

Ambient Noise Floor

The background sound level of a room with no program audio active, typically measured in
dBA. Lower noise floors support immersion and comfortable listening at reduced playback
levels.

Amplitude
The magnitude of a sound or vibration signal. In audio it relates to perceived loudness; in
vibration it relates to perceived strength of motion.

Artifact (Acoustic or Mechanical)
Unintended noise or vibration such as rattles, buzzes, hum, distortion, or structural ringing that
reduces comfort and perceived system quality.

Auditory Processing
Neural processing of sound including perception of loudness, pitch, timbre, and spatial cues, and
their interaction with attention and emotional state.

Body—Chair Coupling
The mechanical interaction between a user’s body and a vibroacoustic chair through contact
surfaces, influencing how vibration is transmitted and perceived.

Calibration
A measurement-based process for setting and verifying sound or vibration output so systems
operate within defined and repeatable target ranges.

Comb Filtering
A spectral distortion that occurs when a signal combines with a delayed version of itself, creating
repeating peaks and cancellations that color sound and reduce clarity.
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Contraindications (Advisory)
Conditions for which participation may warrant caution or medical guidance. In wellness
contexts these support informed self-selection rather than clinical exclusion.

dB (Decibel)
A logarithmic unit used to express ratios. In acoustics it describes sound pressure level relative to
a defined reference value.

dB SPL
Sound pressure level expressed in decibels relative to the standard reference pressure of 20
micropascals, without perceptual frequency weighting applied.

Dead Room (Acoustically Dead)
A room with heavy absorption and short reverberation time designed to minimize reflections and
coloration so reproduced sound is heard more directly.

Displacement
A vibration metric describing how far a surface moves from rest, typically expressed in
millimeters and mathematically related to velocity and acceleration.

Distortion
Unwanted alteration of an audio or vibration signal caused by nonlinear behavior or equipment
limits, often perceived as harshness or mechanical strain.

Dynamic Range
The difference between the quietest and loudest portions of a signal. Moderate dynamic range
supports immersion while avoiding fatigue in wellness playback.

Entrainment (Brainwave Entrainment Hypothesis)
The hypothesis that rhythmic sensory stimuli may influence neural rhythms. In this paper it is
treated as a proposed mechanism rather than a clinical claim.

FFT (Fast Fourier Transform)
A mathematical method that converts time-domain signals into frequency-domain
representations for spectral analysis of sound or vibration.

Frequency (Hz)
The number of cycles per second of a sound wave or vibration. It determines perceived pitch in
audio and tactile character in vibroacoustics.

Frequency Bands Emphasized
A description of which frequency ranges are most prominent in a sound or vibration program,
used to characterize experiential design intent.

Frequency Response

How evenly a system reproduces output across frequencies. Smooth response supports tonal
balance, predictability, and perceptual comfort.
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Gain Structure
The distribution of signal levels across audio equipment to maintain clean signal flow without
clipping, overload, or excessive noise.

Grounding (Subjective)
A commonly reported vibroacoustic sensation of physical stability and presence, often associated
with smooth, low-frequency vibration.

Hot Spot
A localized area or frequency where sound or vibration is stronger than intended due to
resonance, standing waves, or coupling effects.

HVAC Noise
Background sound from heating, ventilation, and air-conditioning systems that can raise the
noise floor and reduce immersion.

IEC 61672
An international standard defining performance and accuracy classes for sound level meters used
in acoustic measurement.

Immersion
The subjective sense of being enveloped by sound and/or vibration, supported by low noise floor,
smooth dynamics, and spatial consistency.

Informed Participation
Clear user-facing communication describing the experience, controls, and advisory limits so
participation is voluntary and informed.

ISO 2631-1
An international standard for evaluating human exposure to whole-body vibration, commonly
referenced for measurement and reporting conventions.

Leq (Equivalent Continuous Sound Level)
A time-averaged sound level representing the steady SPL containing the same total acoustic
energy as a varying signal over a defined period.

Low-Frequency Energy
Sound or vibration content typically below about 100 Hz that contributes to perceived warmth
and depth but requires control to prevent fatigue.

Mechanoreceptors
Sensory receptors in skin and deeper tissues that detect vibration, pressure, and motion and are
central to vibroacoustic perception.

Multisensory Integration

The brain’s process of combining auditory, tactile, and proprioceptive inputs into a unified
perceptual experience.
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Noise Criteria (NC)
A rating system describing acceptable background noise levels in rooms, commonly used for
HVAC noise targets.

Peak SPL
The highest measured sound level during a measurement interval. Peak limits help prevent startle
responses and listening fatigue.

Pink Noise
A broadband test signal with equal energy per octave, widely used for loudspeaker tuning and
room measurement.

Proprioception
The sense of body position and movement. Vibroacoustic stimulation can enhance
proprioceptive awareness through rhythmic motion cues.

Ramp-Up / Ramp-Down
Gradual increases or decreases in sound or vibration level at session start and end to avoid startle
and support smooth transitions.

Real-Time Analyzer (RTA)
A measurement tool that continuously displays a signal’s frequency spectrum and is used for
tuning and diagnosing spectral imbalance.

Reference Audio Track
A consistent audio file used during calibration that represents typical session content and enables
repeatable measurements.

Resonance
A frequency at which a system naturally responds more strongly, producing amplified motion or
sound at the same input level.

Reverberation Time (RT or RT60)
The time required for sound to decay after the source stops. Controlled reverberation supports
clarity and intimacy in wellness rooms.

RMS (Root Mean Square)
A statistical measure expressing the effective magnitude of a varying signal, used for averaged
SPL and vibration metrics.

Seat—Body Interface
The contact surface between user and chair where vibration is transmitted and where
vibroacoustic measurements are typically taken.

Sensor Placement

The defined location and orientation of measurement sensors. Consistency is required for valid
and repeatable results.
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Signal Generator / Sine Sweep
A device or test signal that produces tones or frequency sweeps used to measure system response
and 1dentify resonance.

SPL (Sound Pressure Level)
A measure of acoustic intensity in decibels, typically measured in dBA slow response at listener
position in wellness rooms.

Spatial Variance (+ dB)
The difference in SPL between listening positions. Limiting variance improves consistency
across seats and recline positions.

Standing Waves (Room Modes)
Resonant patterns in enclosed spaces that create frequency-dependent peaks and nulls, especially
at low frequencies.

Structure-Borne Vibration
Mechanical vibration transmitted through solid materials rather than air, forming the basis of
vibroacoustic delivery.

Thermal Drift
Output changes caused by component heating that can alter sound or vibration levels over time.

Transducer (Vibroacoustic)
A device that converts an electrical signal into mechanical vibration, integrated into chairs or
platforms.

User Agency
The participant’s ability to adjust intensity or stop a session at any time, supporting ethical and
comfort-centered wellness practice.

Velocity (mm/s RMS)
A vibration metric describing oscillatory motion speed. Commonly used in vibroacoustics
because it correlates well with perceived intensity.

Vibroacoustics
The use of low-frequency mechanical vibration delivered through a physical interface, often
paired with sound, to support comfort and embodied awareness.

Weighting (Vibration)

Frequency-dependent filtering applied to vibration measurements to reflect relative human
sensitivity across frequency bands.
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Addendum:
Historical Foundations of Acoustic Sound Therapy and
Vibroacoustics in Wellness Environments

Introduction

The contemporary use of acoustic sound therapy and vibroacoustics in wellness environments
reflects both modern advances in acoustics and neuroscience and a much older human
relationship with sound, rhythm, resonance, and healing. Long before the development of
modern medicine, cultures throughout the world recognized that sound and vibration could
influence emotional state, bodily awareness, relaxation, social connection, and contemplative
experience. Although the language of psychoacoustics, nervous system regulation, and
multisensory integration did not yet exist, many early healing traditions intuitively understood
that rhythmic and resonant sensory experiences could support human wellness and restoration.
The modern wellness-oriented frameworks described throughout this white paper build upon
these longstanding human observations while grounding them in measurable physical principles,
perceptual science, and ethical implementation standards.

Early Human and Indigenous Origins of Sound-Based Healing

Archaeological and anthropological evidence suggests that sound-based healing practices extend
back tens of thousands of years. Early humans used rhythmic drumming, chanting, rattles, bone
flutes, and resonant natural spaces during communal rituals and restorative ceremonies. These
experiences were often designed to calm the mind, create emotional cohesion, support altered
states of awareness, and strengthen the connection between the individual and the surrounding
community.

In many indigenous traditions, wellness was understood not merely as the absence of illness, but
as a state of balance between body, mind, environment, and spirit. Sound and vibration were
therefore used as tools for restoring harmony and regulating emotional and physical states.
Repetitive rhythms, low-frequency drumming, vocal toning, and ceremonial music often
produced sensations that modern users of vibroacoustic wellness systems now describe as
grounding, immersive, calming, and supportive.

These early practices are historically significant because they demonstrate a recurring human
recognition that rhythm, resonance, and sensory immersion can profoundly influence subjective
experience and states of well-being.

Sound and Healing in Ancient Civilizations
Ancient civilizations further developed the relationship between sound, wellness, and healing
into more formalized philosophical and spiritual systems.

In ancient Egypt, temple rituals incorporated vocal resonance, chanting, and acoustically
reflective architectural spaces believed to support purification, restoration, and energetic balance.
In India, Vedic philosophy described the universe itself as vibration through the concept of Nada
Brahma, often translated as “the world is sound.” Mantras, meditative chanting, and sustained
vocal tones were used to support emotional regulation, contemplative awareness, and inner calm.

The ancient Greeks also explored the connection between sound, harmony, mathematics, and
human wellness. Pythagoras proposed that harmonic relationships governed not only music, but
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also nature and the human body. He believed that specific tonal relationships could restore
balance and order within the mind and body, an idea that would later influence both philosophy
and early medicine.

Greek physicians and philosophers observed that music could alter mood, attention, and
emotional state. Certain tonal structures and rhythmic patterns were believed to calm agitation,
encourage contemplation, and support restorative states of awareness. Although these systems
were not scientific in the modern sense, they reflected an enduring recognition that sensory
environments influence human well-being.

Spiritual Traditions and Resonant Wellness Practices

Across centuries and cultures, sound continued to play a central role in contemplative and
wellness-oriented practices. Gregorian chants, Tibetan singing bowls, Buddhist chanting
traditions, Sufi devotional music, Native American healing songs, and other forms of ceremonial
resonance all employed rhythm, repetition, breath coordination, and tonal immersion to
encourage calmness, reflection, emotional release, and communal connection.

Many of these traditions emphasized slow pacing, sustained harmonic textures, and carefully
controlled acoustic environments. These qualities parallel several principles discussed
throughout this white paper, including gradual sensory transitions, low-to-moderate intensity
stimulation, immersive acoustic fields, and the creation of psychologically safe and supportive
environments.

While historical practitioners lacked modern terminology such as parasympathetic regulation,
multisensory integration, or psychoacoustics, they repeatedly arrived at experiential methods that
encouraged reduced arousal, inward attention, and embodied awareness.

The Emergence of Acoustic Science and Resonance Research

During the Renaissance and Enlightenment periods, the study of sound evolved from
philosophical speculation into formal scientific inquiry. Researchers began examining the
physical behavior of vibration, resonance, harmonic motion, and acoustics using measurable
principles.

Scientific understanding of sound as a mechanical wave laid the foundation for modern acoustics
and later influenced architectural acoustics, loudspeaker design, vibration analysis, and
psychoacoustics. Investigations into resonance demonstrated that vibration could influence
physical systems in predictable ways, helping establish the conceptual basis for modern
vibroacoustic design and measurement.

This scientific evolution is directly relevant to the standards-based framework presented in this
white paper. Modern wellness-oriented sound and vibroacoustic environments rely upon
measurable acoustic phenomena including frequency, sound pressure level, vibration velocity,
resonance behavior, temporal alignment, and multisensory integration.

The transition from purely intuitive practice to measurable implementation represents one of the
defining developments in the modern evolution of sound-based wellness systems.
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The Development of Modern Music Therapy and Vibroacoustics

In the twentieth century, scientific and clinical interest in the effects of sound and vibration
expanded significantly. Following World Wars I and II, physicians and caregivers observed that
music often appeared to support emotional comfort, relaxation, and recovery among hospitalized
patients and injured veterans. These observations contributed to the formal development of
music therapy as a professional discipline.

Modern vibroacoustic therapy emerged more specifically in the 1970s through the work of Olav
Skille, who explored the use of low-frequency vibration delivered through chairs, beds, and
therapeutic surfaces. His work investigated how gentle mechanical vibration could support
relaxation, bodily awareness, and physical comfort.

This marked an important transition in the history of sound-based wellness practices.
Vibroacoustics combined ancient experiential concepts of resonance and embodied sensation
with modern engineering, acoustics, and measurable physical parameters. Rather than relying
solely on subjective adjustment, vibroacoustic systems could now be calibrated, documented,
and reproduced using quantifiable metrics such as frequency ranges, vibration velocity,
resonance behavior, and controlled amplitude levels.

Contemporary Wellness Applications and Scientific Integration

Today, acoustic sound therapy and vibroacoustics are increasingly integrated into wellness-
oriented environments including meditation spaces, spas, retreat centers, recovery lounges,
corporate wellness facilities, and integrative health settings. These systems are commonly used
to support relaxation, emotional regulation, attentional quieting, body awareness, and restorative
sensory experiences.

Modern neuroscience and sensory research have helped explain many of the mechanisms
underlying these experiences. As discussed throughout this white paper, sound and vibration are
processed through interconnected auditory, tactile, and proprioceptive pathways that contribute
to multisensory integration and embodied perception. Coordinated low-frequency vibration and
carefully designed soundscapes may support immersive and calming experiences not through
excessive intensity, but through coherent sensory organization and controlled environmental
design.

At the same time, the wellness industry increasingly recognizes the importance of measurable
implementation standards. Contemporary acoustic sound therapy and vibroacoustic
environments benefit from calibration procedures, documented operating ranges, room acoustic
analysis, controlled spectral balance, gradual transitions, and user-centered safety considerations.
These practices help ensure that experiences remain gentle, repeatable, and aligned with
wellness-oriented goals rather than overstimulating or inconsistent.

Why Historical Context Matters in Modern Wellness Practice

Understanding the historical foundations of sound therapy and vibroacoustics is important
because it places modern wellness applications within a broader continuum of human sensory
and restorative practices. Across cultures and historical periods, people consistently discovered
that carefully structured sound and vibration could influence emotional state, bodily awareness,
contemplative focus, and perceived well-being.
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Modern acoustic sound therapy does not simply replicate ancient practices, nor does it rely
exclusively on historical tradition for legitimacy. Rather, contemporary vibroacoustic wellness
systems represent the convergence of ancient experiential wisdom with modern acoustics,
psychoacoustics, neuroscience, engineering, and standards-based implementation.

This historical continuity reinforces an important principle reflected throughout this white paper:
sound and vibration are not abstract or purely aesthetic phenomena. They are measurable
physical forces that interact directly with human perception, sensory processing, emotional
experience, and environmental context. When implemented thoughtfully and ethically, acoustic
sound therapy and vibroacoustic systems can create immersive wellness experiences that are
calming, supportive, restorative, and grounded in both human tradition and contemporary
scientific understanding.

HUMAN JOURNEY OF SOUND AND HEALII

From ancient resonance to modern vibroacoustics,
sound and vibration have always been pathways to wellness.

C & ANCIENT YPT ANCIENT GREECE EASTERN SPIRITUAL SACRED SOUND SCIENCE & RESONANCE
LTURES & SACRED TEMPLES & HARMONY TRADITIONS WORLDWIDE RESEARCH

From prehistoric drumming rituals and sacred chanting traditions to modern vibroacoustic chairs
and calibrated wellness environments, sound and vibration have remained deeply connected to
human experiences of healing, restoration, contemplation, and emotional balance.

The contemporary approaches described throughout this white paper continue this historical
lineage while incorporating advances in acoustics, sensory science, engineering, and wellness-
oriented design. By combining measurable implementation standards with an understanding of
human perception and embodied experience, modern acoustic sound therapy and vibroacoustics
offer a framework for creating wellness environments that are immersive, consistent, ethically
grounded, and supportive of relaxation, nervous system regulation, and holistic well-being.
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