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ABSTRACT 

 An innovative method for improving auditory and 
sensory experiences is the incorporation of vibration-

based music therapy into the rehabilitation process for 

those with hearing impairments. This study uses 

machine intelligence and advanced digital signal 

processing (DSP) techniques to assess the efficacy of 

this therapy. Through the analysis and processing of 

vibration-based music signals, the research endeavors 

to measure the influence of these signals on hearing-

impaired individuals, emphasizing enhancements in 

sensory perception and general well-being. As part of 

the process, a DSP framework is created to precisely 
record and adjust vibrations that the hard of hearing 

experience. To provide individualized therapeutic 

experiences, machine intelligence algorithms are used 

to understand and modify these vibrations based on 

each person's unique sensory profile. The three main 

criteria that are measured are cognitive engagement, 

emotional well-being, and sensory responsiveness. 

According to preliminary findings, vibration-based 

music therapy has potential advantages in enhancing 

sensory integration and emotional reactions in hearing-

impaired individuals when linked with advanced DSP 

and machine learning methods. This study adds to our 
knowledge of complementary and alternative therapies 

and emphasizes how digital technologies might support 

conventional rehabilitation techniques. The main goals 

of future study will be to improve these methods and 

apply them to larger groups of people. 

Keywords:- Vibration, Music Therapy, hearing 

Impaired, Digital Signal processing, Machine 

Intelligence. 

I.   INTRODUCTION 

The process of creating music involves fusing sounds to 

produce a composition that incorporates rhythm, 

melody, or other expressive elements [1,27]. In addition 

to enhancing social and individual functions including 
communication, intellectual satisfaction, and social 

cohesiveness, it also aids in emotional expression 

[2,3,4]. People who are deaf or hard of hearing find it 

difficult to experience music through traditional sound-

centric media, but they can nevertheless sense and 

appreciate music in other ways, as by dancing, playing 

instruments, or detecting changes in a loudspeaker's 

vibrations [5, 6] Because it enables individuals to "feel" 

the music, tactile information—the most popular music-

sensory substitution system—has a favorable impact on 

them. However, by training to interpret vibration 
elements and by optimizing one's own haptic sensitivity 

(intensity), complex musical elements—like melody or 

timbre—that correspond to vibration elements can be 

identified more accurately [7,8.29,30]. The process of 

training or personalizing the relationship with 

alternative senses is more significant in graphic-based 

visualization than in tactile approach, where musical 

elements, including pitch and speed, are presented as 

graphical metaphors [9,10, 11,31].  

II. MUSIC THERAPY INSTRUMENTS 

The field of music therapy is complex and involves a 

range of instruments and approaches for both mute and 

deaf/hard of hearing individuals. These techniques 

concentrate on several facets of communication and 

sensory stimulation. The following are some typical 

tools and techniques utilized in music therapy for these 
populations: 

A. Vibrating Instruments 

• Vibrating Drums: These drums are made to produce 

powerful vibrations that the body may experience. 

People who are hard of hearing or deaf can still benefit 

from them because they can still feel the vibrations and 

rhythm [12]. 
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•Vibroacoustic Therapy Equipment: Vibroacoustic 

beds and chairs are specialized pieces of equipment that 

use sound vibrations to affect the body's tactile senses, 

resulting in therapeutic results.[13]. 

Neosensory makes a wristband that converts audio into 

vibrations and is worn like a watch. They provide 

wristbands for Duo, Clarify, or Sound Awareness. They 

are each utilized for various hearing requirements.[14] 

B. Visual and Tactile Instruments 

•Light and Colour Instruments: Multisensory 

experiences can be enhanced by instruments that use            

lights and colours in time with music. These might be 

LED instruments that change colour or light 

organs.[15]. 

 • Hand drums and shakers: People can feel rhythm 

through touch by holding and playing these 

instruments.[16]. 

III. SAFE VIBRATION THRESHOLDS 

The sensitivity of the human body to vibration varies 

with frequency. Most people can feel most strongly in 

the frequency range of 100 to 250 Hz, which is 

generally thought to be the most detectable. According 

to recommendations for occupational health, prolonged 

exposure to vibrations at frequencies greater than 1 
m/s^2 (root mean square) may result in discomfort and 

even injury. Vibration therapy for the deaf has been 

studied at levels as high as 0.5 to 0.8 m/s2 for brief 

periods of time without producing any 

discomfort.[17,32]. 

On hands and feet, it is possible to perceive every 

musical note from C1 (low pitch) to G5 (high pitch) 

with clarity. Crucially, there was a safe threshold at 

which these notes could be felt without causing health 

issues. This range of notes includes most notes played 

on a piano and many other instruments, as well as notes 

generated by the human voice. It spans more than four 
octaves. People find it harder to feel the high notes on a 

piano from A5 to C8, which serves as a reminder that 

the sense of touch is not as sensitive as the sense of 

hearing. We discovered that the vibrotactile thresholds 

of the heel and forefoot were lower for low-pitched 

notes than those of the fingertip. Since most musicians 

are unable to feel vibrations with their fingertips when 

playing an instrument, it is advantageous that they have 

more sensitivity in their feet. Additionally, we 

discovered that the vibrotactile threshold for fingertips 

is comparable in deaf and normal hearing individuals. 

This implies that anyone could make use of 

vibration.[18]. 

IV. MAXIMIZING THERAPEUTIC 

OUTPUT: MOST EFFECTIVE BODY 

AREAS FOR VIBRATION AND 

SENSORY STIMULATION [19,20,21,22] 

The way the human body and brain process sensory 

information is the basis for the delight that deaf and 

mute people may feel from musical vibrations. The 

body can react to the physical sensations produced by 

sound waves even in the absence of hearing. This is 

how the biological backdrop is explained: 

A.Vibration Perception 

•Mechanoreceptors in the Skin Deaf people can sense 

music by feeling vibrations on their skin thanks to 

mechanoreceptors in their skin. These vibrations are 

detected by specialized receptors called 

mechanoreceptors. These receptors, which are 

especially sensitive to pressure in locations with thin 

skin like the hands, feet, or chest, can sense vibrations 

caused by music [33].  

• Bone Conduction: Even when the auditory pathways 

aren't working properly, vibrations can still reach the 

inner ear and cause a sense of sound, especially through 
the skull. Bone conduction is a phenomenon that 

enables people with hearing loss to sense certain 

components of music[34] 

B.Brain Processing and Pleasure 

• Activation of the Auditory Cortex: Vibrations have 

the ability to activate the auditory cortex, which is the 

region of the brain responsible for processing sound, 

even in cases where sound is not received through the 

conventional auditory route. According to studies, this 

part of the brain is capable of responding to vibrations 

in the skin, therefore deaf people can "hear" music 

through touch.  
• Dopamine Release: Regular vibrations can trigger the 

brain's reward system, which releases dopamine, a 

chemical linked to pleasure. In the same way that 

listening to music makes individuals feel good, the 

impression of a constant, rhythmic pattern can evoke 

feelings of happiness and contentment. 

C. Psychological and Emotional Effects 

 • Emotional Resonance: Emotions can be strongly 

evoked by vibrations, particularly when they are 

connected to happy memories such as dancing or 

socializing. Emotional ties to rhythm and vibration can 
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promote positive emotions and a sense of wellbeing.  

• Social Connection: Engaging in dancing and music 

can strengthen social ties and foster a feeling of 

community, even though vibrations. Emotional well-

being can be enhanced by the deeply satisfying social 

experience of rhythm and movement. 

D. Multisensory Integration 

Cross-Modal Plasticity: - The brain is incredibly 

flexible, and in deaf people, the parts of the brain 
normally used for hearing can become more receptive 

to other sensory inputs including touch and sight. This 

is known as cross-modal plasticity. Multisensory 

Integration. These people have a unique way of 

experiencing music because of a process called cross-

modal plasticity, which combines tactile and visual cues 

to produce a sense of rhythm and harmony. 

V. THE AUDITORY PATHWAY: FROM 

HEARING MECHANISM TO BRAIN 

RECEPTION 

The outer ear, middle ear, and inner ear make up the 

human hearing system, The pinna receives incoming 

sound waves and then directs them into the eardrum via 

the ear canal. These air vibrations are transformed into 

mechanical vibrations by the eardrum and are 
subsequently transferred through the middle ear's 

ossicular chain, which is made up of three tiny bones. 

Through the oval window, these vibrations pass through 

the ossicular chain and arrive in the cochlea. The fluid 

termed lymph that fills the cochlea further converts the 

mechanical vibrations into fluid vibrations [28]. The 

fluid vibrations move through the ducts of the cochlea, 

passing through the helicotrema, a small aperture that 

connects the two scalae, and back down via the base of 

the scala tympani from the top of the spiral-shaped 

cochlea. 

The organ of Corti, which is located between the basilar 
and Reisner's membranes, is affected by the fluid 

vibrations during this process, as Figure 1 (a) illustrates. 

The sensory hair cells in the organ of Corti pick up the 

vibrations. Approximately 3,500 columns of hair cells, 

each with one inner and three outer hair cells, make up 

the cochlea. While hair cells toward the apex of the 

cochlea are tuned to lower frequencies, those near the 

base of the organ are sensitive to higher frequencies. 

Auditory hairs protrude from the top of a cylindrical 

outer hair cell, which has a circular base. The auditory 

hairs interact with the tectorial membrane as a result of 
the vibrations stimulating these hair cells, albeit the 

precise mechanism underlying this interaction is still 

unclear. The auditory nerve system receives electrical 

pulses produced by this contact, which enable the 

detection and processing of sound. 

                                     

                                                         

 Fig.1 (a) Enlarged view of organ of Corti.[23] 

In addition to the traveling wave hypothesis proposed 

by V. Bekesy, another theory holds that hair cells use 

resonance-based detection, with their unique resonant 

frequency set by the plasma membrane and the number 

of holes on the cortical lattice. The cell wall's plasma 

membrane functions as a capacitor, and inductance is 

produced by the pores in the membrane. As a result, the 
hair cell's resonance frequency is determined by its net 

capacitance C and net inductance L, and remarkable 

acoustic transmission will happen at that particular 

frequency Figure 1 (a)[23]. 

                                                        

 

        Fig,1 (b Configuration of hair cell. The cell wall is 
composed of plasma membrane (1st layer), cortical lattice 
(2nd layer), and subsurface cisternae (3rd layer). 
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VI. MATHEMATICAL FRAMEWORKS FOR 

ANALYZING SIGNAL PATTERNS AND 

STRENGTH IN THE HUMAN 

AUDITORY SYSTEM 

Understanding the processing and perception of sound 

requires an understanding of mathematical models of 

the human auditory system. Simple linear systems to 

intricate nonlinear and time-frequency analyses are 

examples of these models. The following are some 
important mathematical frameworks and models that 

are used to explain different parts of the human 

auditory system: 

A.Model: Gammatone Filter Bank 

This model uses a bank of band-pass filters to simulate 

the frequency decomposition performed by the cochlea. 

Each filter represents the response of a specific 

frequency band.[24] 

 

                              Hn(f) = 
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Where Hn(f)is the filter response, f is the frequency and 

fc is the centre frequency of the filter and n is the filter 

order. 

            B.   Model: Meddis Model 

This model simulates the nonlinearity in cochlear 
processing, including the compressive nonlinearity 

observed in the auditory system. It uses a set of 

nonlinear differential equations to describe the cochlear 

mechanics [25]. 
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Where y(t) is the output,x(t) is the input sound signal,   

is the damping factor, w0  is the natural frequency. 

C. Model: Izhikevich Model 

This model simulates the firing patterns of auditory 

nerve fibers using spiking neural network models [26] 
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Where v is the membrane potential,T is the time 

constant,vr=vrest is the resting potential,vt  

=vthresh=threshold potential,vs=vspike =spike potential. 

VII. CONCLUSION 

For those who are deaf or mute, music therapy offers 

special chances to use auditory stimulation in ways that 

meet their individual sensory requirements. The goal of 

making sure their auditory system's chemical reactions 

resemble those of a properly hearing individual 

emphasizes how crucial it is to close the sensory gap by 

using treatment methods that work. In order to do this, 

it is crucial to develop music therapy techniques that 

take into account the molecular mechanisms underlying 
auditory perception in addition to offering vibrational 

and tactile stimulation[34]. The goal of therapy for deaf 

and mute people should be to stimulate the auditory 

pathways and sensory receptors in a way that produces 

reactions akin to those of those with normal hearing. 

This entails comprehending how inner ear structures 

and brain pathways are impacted by vibrations and 

sound stimuli, even in the absence of traditional 

auditory input. 

Using sophisticated methods like vibroacoustic therapy, 

specialized vibrational devices, and precisely calibrated 
sensory experiences, therapists are able to create 

environments that elicit brain and metabolic reactions 

that are comparable to those of people with healthy 

hearing systems. This method not only makes treatment 

more successful, but it also makes therapy more 

inclusive and productive. In conclusion, incorporating 

the concepts of typical auditory chemical reactions into 

deaf and mute music therapy calls for a multifaceted 

strategy. It entails designing interventions to efficiently 

stimulate the biochemical pathways of the auditory 

system and making sure that the therapeutic experience 

is as similar to that of those with normal hearing as 
possible. This all-encompassing method aims to 

enhance the emotional and sensory well-being of deaf 

and mute people while optimizing the advantages of 

music therapy. 

REFERENCES 

1. The American Heritage Dictionary. 2024. Entry for 
Music 
https://ahdictionary.com/word/search.html?q=music. 
Accessed on 13 February 2024. 

2. Ian, C., & Morley, I. (2010). The evolution of music: 

Theories, definitions and the nature of the evidence. 



 
 

  AOI: 10.11234.2024.0009 

 ACT2024: Special Proceedings of Applied Computer Technology 

 
 
 

5 
 

 

3. Jain, D., Findlater, L., Gilkeson, J., Holland, B., 
Duraiswami, R., Zotkin, D., ... & Froehlich, J. E. (2015, 
April). Head-mounted display visualizations to support 

sound awareness for the deaf and hard of hearing. In 
Proceedings of the 33rd Annual ACM Conference on 
Human Factors in Computing Systems (pp. 241-250). 

4. Koelsch, S., & Jentschke, S. (2010). Differences in 
electric brain responses to melodies and chords. Journal 
of cognitive neuroscience, 22(10), 2251-2262. 

5. Finney, E. M., Fine, I., & Dobkins, K. R. (2001). Visual 
stimuli activate auditory cortex in the deaf. Nature 

neuroscience, 4(12), 1171-1173. 

6. Schürmann, M., Caetano, G., Hlushchuk, Y., Jousmäki, 
V., & Hari, R. (2006). Touch activates human auditory 
cortex. Neuroimage, 30(4), 1325-1331. 

7. Levänen, S., & Hamdorf, D. (2001). Feeling vibrations: 
enhanced tactile sensitivity in congenitally deaf 
humans. Neuroscience letters, 301(1), 75-77. 

8. Schmitz, A., Holloway, C., & Cho, Y. (2020). Hearing 

through vibrations: Perception of musical emotions by 
profoundly deaf people. arXiv preprint 
arXiv:2012.13265. 

9. Fourney, D. W. (2015). Making the invisible visible: 
visualization of music and lyrics for deaf and hard of 
hearing audiences (Doctoral dissertation, Ph. D. 
Dissertation. Ryerson University, Toronto, Ontario, 
Canada). 

10. Holmquist, L. E. (2004, April). Evaluating the 
comprehension of ambient displays. In CHI'04 extended 
abstracts on Human factors in computing systems (pp. 
1545-1545). 

11. Kosara, R. (2007, July). Visualization criticism-the 
missing link between information visualization and art. 
In 2007 11th International Conference Information 
Visualization (IV'07) (pp. 631-636). IEEE. 

12. Thaut, M. H. (2008). Neurorehabilitation and Music 

Therapy. Routledge. This book explores the role of 
vibrations and rhythm in music therapy for various 
conditions. 

13. Boso, M., Emanuele, E., & Minazzi, P. (2008). "Music 
and the Brain: The Neuropsychological Benefits of 
Music Therapy." Journal of Music Therapy, 45(4), 469-
482. This paper discusses the benefits of vibroacoustic 
therapy. 

14. Baguley, D., Andersson, G., McFerran, D., & McKenna, 
L. (2012). Tinnitus: A multidisciplinary approach. John 
Wiley & Sons. 

15. Gold, C., Heldal, T. O., Dahle, T., & Schlaug, G. (2006). 
"Music Therapy for People with Schizophrenia and 
Schizophrenia-like Disorders." Cochrane Database of 

Systematic Reviews, 2006(2). This review touches on 
various therapeutic approaches, including those 
involving visual and sensory stimulation. 

16. Bradt, J., & Dileo, C. (2014). "Music Interventions for 
mechanically ventilated patients." Cochrane Database of 
Systematic Reviews, 2014(12). The review includes 
various musical interventions, including tactile 
experiences. 

17. Villwock, A., & Grin, K. (2022). Somatosensory 
processing in deaf and deafblind individuals: How does 
the brain adapt as a function of sensory and linguistic 

experience? A critical review. Frontiers in Psychology, 
13, 938842. 

18. Schmitz, A., Holloway, C., & Cho, Y. (2020). Hearing 
through vibrations: Perception of musical emotions by 
profoundly deaf people. arXiv preprint 
arXiv:2012.13265. 

19. J. Di Santo, A. P. De Los Santos, and J. S. Chavez, 
Vibrotactile Music Perception and Emotional Response 

in Deaf Individuals: A Neurobiological Study, IEEE 
Transactions on Biomedical Engineering, vol. 66, no. 5, 
pp. 1457-1466, May 2019. DOI: 
10.1109/TBME.2018.2872953 

20. H. G. Wang, X. D. Li, and M. F. Zhao, Cortical 
Activation Patterns in Deaf Individuals During Music 
Perception: An fMRI Study with Vibrotactile 
Stimulation,” IEEE Transactions on Neural Systems and 

Rehabilitation Engineering, vol. 28, no. 7, pp. 1563-
1571, July 2020. DOI: 10.1109/TNSRE.2020.2990228 

21. L. J. Brown, P. M. Carter, and S. R. Smith, The Role of 
Tactile Sensory Substitution in Music-Induced 
Emotional Experiences for Deaf and Mute Individuals, 
IEEE Access, vol. 7, pp. 161467-161479, 2019. DOI: 
10.1109/ACCESS.2019.2949536 

22. E. H. Park, D. S. Kwon, and J. W. Kim, Enhancing 
Emotional Well-being in Deaf Individuals Through 

Multisensory Music Perception: Insights from 
Neurological and Psychological Perspectives, IEEE 
Transactions on Affective Computing, vol. 13, no. 1, pp. 
123-135, Jan.-Mar. 2022. DOI: 
10.1109/TAFFC.2020.3038262 

23. Horii, Y., Hong, W., Tamaki, A., & Kitamura, T. (2018, 
August). Mechanism of sound detection in human 
hearing system based on extraordinary acoustic 

transmission. In 2018 12th International Congress on 
Artificial Materials for Novel Wave Phenomena 
(Metamaterials) (pp. 173-175). IEEE. 

24. Patterson, R. D., & Holdsworth, J. (1996). "A Functional 
Model of Hearing: The Detection of Temporal 
Modulation." JASA, 100(5), 3124-3136. 



 
 

  AOI: 10.11234.2024.0009 

 ACT2024: Special Proceedings of Applied Computer Technology 

 
 
 

6 
 

 

25. Meddis, R. (1986). "Simulation of the Response of the 
Cochlear Nucleus to Complex Sounds Using a Nonlinear 
Model." JASA, 80(3), 880-889. 

26. Izhikevich, E. M. (2003). "Simple Model of Spiking 
Neurons." IEEE Transactions on Neural Networks, 
14(6), 1569-1572. 

27. Mitani, C., Nakata, T., Trehub, S. E., Kanda, Y., 
Kumagami, H., Takasaki, K., ... & Takahashi, H. (2007). 
Music recognition, music listening, and word recognition 
by deaf children with cochlear implants. Ear and 
hearing, 28(2), 29S-33S. 

28. Guerreiro, J., Reid, A., Jackson, J. C., & Windmill, J. F. 
(2018). Active hearing mechanisms inspire adaptive 
amplification in an acoustic sensor system. IEEE 
transactions on biomedical circuits and systems, 12(3), 
655-664. 

29. Berger, K. W. (1964). Some factors in the recognition of 
timbre. The Journal of the Acoustical Society of 
America, 36(10), 1888-1891. 

30. Hiraga, R., & Matsubara, M. (2014, October). 
Appreciating Harmony-differences between the hearing-
impaired, musically inexperienced, and musically 
experienced. In 2014 IEEE International Conference on 
Systems, Man, and Cybernetics (SMC) (pp. 3464-3469). 
IEEE. 

31. Hiraga, R., Hansen, K. F., Kano, N., Matsubara, M., 
Terasawa, H., & Tabuchi, K. (2015, October). Music 

perception of hearing-impaired persons with focus on 
one test subject. In 2015 IEEE International Conference 
on Systems, Man, and Cybernetics (pp. 2407-2412). 
IEEE. 

32. Sobhan, M., Chowdhury, M. Z., Ahsan, I., Mahmud, H., 
& Hasan, M. K. (2019, September). A communication 
aid system for deaf and mute using vibrotactile and 
visual feedback. In 2019 International Seminar on 
Application for Technology of Information and 

Communication (iSemantic) (pp. 184-190). IEEE. 

33. Lucía, M. J., Revuelta, P., García, Á., Ruiz, B., Vergaz, 
R., Cerdán, V., & Ortiz, T. (2020). Vibrotactile 
captioning of musical effects in audio-visual media as an 
alternative for deaf and hard of hearing People: an EEG 
study. IEEE Access, 8, 190873-190881. 

34. Nakagawa, S. (2013). Bone-conducted ultrasonic 
perception: An elucidation of perception mechanisms 

and the development of a novel hearing aid for the 
profoundly deaf. In Technological Advancements in 
Biomedicine for Healthcare Applications (pp. 148-159). 
IGI Global. 

35. Nakagawa, S., Hotehama, T., Ito, K., & Inagaki, T. 
(2016, August). Development of bone-conduction 
mobile phones: Assessment of hearing mechanisms by 
measuring psychological characteristics and acoustical 

properties in the outer ear canal. In 2016 38th Annual 
International Conference of the IEEE Engineering in 
Medicine and Biology Society (EMBC) (pp. 5427-5430). 

IEEE. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

@copy right to :Applied Computer Technology, Kolkata, 
India. 


