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Abstract

:

We construct a natural computing system based on the sense of touch. The natural computing system we construct does not depend on the conventional category of computer science. The computing consists of a computing entity and an algorithm. We define an algorithm as “a list of instructions for solving a problem” and a computing system as “the act or process of calculating an answer or amount by using an algorithm”.
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1. Introduction


A heartfelt “thank you” is comforting, while a throwaway “thank you” is off-putting. Differences in the way we say things (i.e., temporal changes in speech sounds) change the emotions, or sensibilities, that accompany our senses [1,2]. Emotional understanding through speech sounds is thought to be mediated by mechanisms embedded in the sensory, cognitive, and emotional processing systems [1,2].



The written word conveys meaning; the spoken word brings sensibility [1,2]. In the natural world, information is communicated through somatosensory communication in the broadest sense [3]. Viruses are transmitted by mutations that change the way they are “touched” and induce a “pleasant feeling” in the sugar chains on the surface of the cells they contact [4]. Vine-wrapping plants decide whether to wrap around a vine by waving it around and “touching” the foreign object they encounter [5]. Female-male mice interactions are suggested mainly via somatosensory input [6,7].



“Sensibility refers to an acute perception of or responsiveness towards something” [8]. Tactile interaction in nature is the communication of sensibility, where precise interaction does not involve writing or language.



The aim of this research is an algorithmic understanding of tactile interaction. Information and the manipulation of information are phenomena, the principles of which form the basis of the metascience of information, where the basic properties of phenomena are given by algorithm [9]. The algorithm is “a finite sequence of well-defined instructions” [10]. This research is positioned as natural computing; “Natural Computing refers to computational processes observed in nature, and human-designed computing inspired by nature” [11].




2. Method


Complex phenomena, such as tactile interaction, involve many “variables”. Music is a complex phenomenon with many notes. Still, a musical score represents a sound note with only one variable—the time variation of the pitch.



We describe tactile interaction only in terms of temporal changes in a single variable, intensity. We illustrate tactile interactions with only one variable, intensity. It corresponds to the temporal evolution of the sound volume of “speech” or the temporal change of contact force in the case of “touch” between a cell surface and a sugar chain or between a vine and a foreign substance.



Tactile Score


We proposed a musical notation (stave) to describe the tactile interaction—the Tactile Score [12] (Figure 1). The stave’s middle line (the third line) represents “normal” intensity. Below, the lines below the third line represents “high” intensity, the lines above the third line represent “low” intensity, and the notes represent rhythm of tactile sense.



The sensations evoked by the sense of touch are called “tactile qualities” [13]. Previous research has confirmed that tactile quality (Figure 2), “hardness”, “roughness”, and “temperature” are essential in this order [14].



We can quantify tactile notation’s “hardness” by analogy with springs. The displacement of a spring is in proportion to the force applied to it. If the same pressure pushes two springs, the stiffer spring has a smaller displacement, and the softer spring has a larger displacement. Roughness is defined as the complexity of the Tactile Score pattern. If the pattern of the Tactile Score is uniform, smoothness is indicated; if the Tactile Score is non-uniform, roughness is indicated, as shown in Figure 2.





3. Result


The Tactile Score makes it possible to generate sensory information that elicits the desired sensitivity [15]. We analyzed the Tactile Score transcription of a hand massage that has been used in over 200,000 interventions [12,15]. We extracted a “grammar” of the Tactile Score from the analysis of our expert technician’s massage, which elicited a reduction in facial contours and an increase in skin tone luminosity [15]. The Tactile Score describes a time series of changes in strength. By replacing any time-series change with a time series of intensity, we can obtain the tactile quality of the time-series change.



The Tactile Score can be used to describe tactile sensations and sensory information that arouses sensitivity. The piano is a tactile instrument. The touch to the keyboard is directly converted into sound. Unlike a stringed instrument, it is not possible to adjust the sound. This is why the piano is called a “stringed percussion instrument”.



We compared the performances of Chopin’s Heroic Polonaise by A. Rubinstein, who was called the master, and S. Bunin, who was considered to be a revolutionary. Each sound source was converted into a Tactile Score at 0.01 s intervals, and we examined the average of the time-changing of “hardness” and “roughness”. Rubinstein’s performance exhibited dominant roughness and with a variety of “hardnesses”, while Bunin’s performance had a variety of roughness and was slightly softer than Rubinstein’s performance (Figure 3).



3.1. Digitalization of Tactile Sense


The Tactile Score describes a change in intensity: a vibration transducer can transform pure tone sine wave data, such as files in WAV or mp3 format, to vibrotactile. By varying the amplitude of a pure tone sine wave described in the Tactile Score, a pure tone can be converted to a vibrotactile sensation.



The grammar of the Tactile Score is the grammar of a skilled massage specialist’s technique. When this technique is applied to the skin, a high cosmetic effect is achieved. We composed a Tactile Score according to this grammar, transformed vibrotactile sensations, and confirmed which applications possess cosmetic effects [14].



We started a project with a beauty care company to create and provide vibrotactile sensations with a Tactile Score. Due to the spread of the new coronavirus disease in 2021, we offered the service only via internet distribution. We launched a trial service operation in April 2021. In a six-month period, under self-restraint to avoid the spread of infectious diseases, we engaged 1000 paid users with about 200,000 accesses per month. Social experiments have also demonstrated the vibrotactile sensation created from the Tactile Score [15].



We explored the vibrotactile sensation of collagen fiber aggregation, using the Tactile Score. In collaboration with a biochemistry laboratory, we presented vibrotactile feelings on the human face and analyzed the responses using skin ultrasound cross-sectional images [15]. On the other hand, we also confirmed that some vibrations do not show an aggregation effect. The skin showed a more selective and sensitive response to tactile sensations than expected.



There are two types of tactile interaction—direct and indirect. We were interested in the indirect tactile interaction of low-frequency sound.




3.2. Touch without Touching


Sound is produced when energy vibrates a medium. If energy vibrates a medium 100 times and uses up all the power in one second, it can create a 100 Hz vibration. If the energy is used up in one second, the medium will vibrate at 100 Hz, but if it is reduced to 10 vibrations per second, the medium will vibrate at 10 Hz for 10 s. The energy of one vibration wave of 10 Hz is 10 times greater than that of 100 Hz.



Low-frequency sound vibrates deep into the bones and tissues of the body because of its high energy.



It is known that collagen fibers in the skin aggregate with low-frequency vibrations [16], but it has been reported that prolonged vibration of the skin with pure (non-overtone) low frequencies can “age” the skin [17] (Figure 4).





4. Final Remarks: Building Tactileology


There is still no effective treatment for dementia. As dementia progresses, attenuation of the gamma waves of the electroencephalogram (EEG) has been observed. Professor Tsai and colleagues at the Massachusetts Institute of Technology found that exposure of Alzheimer’s-diseased mice to 40 Hz visual stimulation (flickering light) and low-frequency sound halved the amount of amyloid-beta and other causative agents [18,19].



In collaboration with Professor Hidetaka Ohta and colleagues at the Akita University Research Center for Advanced Gerontology, we are conducting a clinical study in which patients with dementia are exposed to 40 Hz sound. We have found statistically significant improvements in working memory and depression [20].
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Figure 1. Tactile Score of Good Morning; the girl is chirping, where the Tactile Score illustrates the pressure of tone of voice. 
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Figure 2. The vertical axis indicates hardness—harder at the bottom, softer at the top. The horizontal axis indicates roughness—the more uniform the hardness, the smoother the Tactile Score pattern; the more non-uniform the hardness, the rougher the pattern. 
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Figure 3. Tactile qualities of notes played by Rubinstein (left) and Bunin (right) on Chopin’s Heroic Polonaise. The vertical axis indicates hardness; the horizontal axis indicates roughness. The graphs plot the average hardness and roughness of the notes played every 0.01 s. 






Figure 3. Tactile qualities of notes played by Rubinstein (left) and Bunin (right) on Chopin’s Heroic Polonaise. The vertical axis indicates hardness; the horizontal axis indicates roughness. The graphs plot the average hardness and roughness of the notes played every 0.01 s.



[image: Proceedings 81 00083 g003]







[image: Proceedings 81 00083 g004 550] 





Figure 4. Before (left) and after (right) applications of vibrotactile sensations transformed, according to the Tactile Score, to the skin using DermaLab to measure skin ultrasound cross-sections and to investigate the distribution of collagen fibers in the dermal layer. The dots in the figure are collagen fibers. 
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