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Abstract All living things, from cells to organism, deliver signals of biological origin. Such signals can be electric, mechanical, or chemical. All such signals can be of interest for diagnosis, for patient monitoring and biomedical research. The larynx, also known as the voice box, is a short section of the airway that connects the laryngopharynx and the trachea. Sound travels as a wave through some mediums. Sound ranges from very low frequencies to that of very high frequencies. The high frequency sounds are not audible to human ears and are called as ultrasounds. These ultrasounds have numerous medical applications but the technique is very costly. Our motive is to use the low frequencies that are generated by humans for medical diagnosis and detection of various abnormalities in human bodies. The aim of this paper is to investigate the effect of different body postures on sound wave propagation in human body.
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1. Introduction Human body is considered as a complex system which comprises of a combination of several subsystems working together in a closed loop and programmed to preserve life. These subsystems include skeletal system, muscular system, cardiovascular system, endocrine system, etc [1]. Every subsystem involves a set of organs that work in coordination with each other to perform various tasks such as respiration, reproduction [2], etc. The whole human body is embedded with different organs which in coordination with other organs help in the functioning of the body. Set points in the brain work to continually monitor and respond to internal and external influences to regulate body temperature. The heart rate varies in response to the autonomic nervous system, which acts as a feedback system, directing the heart to make adjustments according to the body's level of exertion. Likewise, as a person begins to become ill, the body reacts very subtly. Everything affects something else. It is a serious challenge to keep a track of every single ailment or find out whether the organs of the body are functioning in a proper way or showing some kind of abnormal behavior [3]. Regular monitoring of the body especially in old people is a requirement and so frequent hospital visits are mandatory to keep an update of the body condition. Human anatomy gives the scientific study of the size, shape or structure of the human body [4]. Anatomy is divided into two types: gross anatomy and microscopic anatomy [4]. Gross anatomy, also called as topographical anatomy, regional anatomy, or anthroponomy, is the study of anatomical structures that can be seen by the naked eye [4]. Microscopic anatomy as the name indicates, involves the use of microscopes Shumila Yaqoob,
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for the study of minute anatomical structures, and is the field of histology which gives the study of organization of tissues at all levels, from cell biology (previously called cytology), to organs [4]. Each system in human body contributes its role to the overall functioning of the human body. It has been observed that the recorded signals in living organisms greatly depends on position of body or posture, which means the body posture effects the sound wave propagation in living organisms [5]. In addition to recorded signals, oxygen saturation, temperature, respiratory rate, and heart rate of healthy term and preterm infants are also effected by body postures [6]. Posture is the position in which humans hold the body upright against gravity while standing, sitting or lying down. In other words we can say, posture means the intentionally or habitually assumed position. There are various body postures that humans can take but the basic postures include: a) standing, b) sitting, and c) sleeping. It appears to be static in standing posture but modern instrumentation shows it to be a process of rocking from the ankle in the sagittal plane. The way of quiet standing is often likened to the motion of an inverted pendulum. There are many mechanisms in the body that are suggested to control this movement, e.g. a spring action in muscles, higher control from the nervous system or core muscles. Standing isn't dangerous, there are pathologies associated with it. One short term condition is orthostatic hypotension, and long term conditions are sore feet, stiff legs and low back pain [7] [8]. Sitting requires the buttocks resting on a more or less horizontal structure, like a chair or the ground. Special ways of sitting are with the legs horizontal, and in an inclined seat.. Sleeping posture means lying on the back with the face up. This is also called as supine position as shown in Fig. 1. The objective of this paper is to investigate the effect of different postures on sound wave propagation in human body.



Fig. 1: Showing the three postures (a) standing (b) sitting (c) sleeping.



This section is followed by experimental procedure. The results and conclusion is presented in Section 3 and conclusion for the investigation is presented in Section 4.



2. METHODOLOGY For the investigation, the recording was carried out with eight subjects, four males (M1-M4) and four females (F1-F4) in three postures corresponding to silence and cardinal vowels. Three cardinal vowels are considered as /a/, /e/, and /u/. The recordings are segmented into sub segments each comprising of 3 s duration. These segments are then labeled according to subject involve, pronounce vowel and the body posture of subject. The segmentation and labeling is followed by estimation of distance i.e, log spectral distance. For each subject, the LSD has been calculated between the two postures while keeping the site of recording same. The first LSD is between the standing posture (P1) and the reference posture (sleeping Shumila Yaqoob,
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posture, P3) corresponding to silence for Subject M1. Further LSDs are calculated in correspondence to cardinal vowel /a/, /e/, and /u/. After that LSD is calculated between sitting posture (P2) and P3 for the same subject M1corresponding to silence and cardinal vowel /a/, /e/, and /u/. Similarly, LSD has been calculated for all subjects. The recording was carried out on the heart at one site named as A1 (shown in Fig. 2) in three postures one by one.



Fig. 2: Indicating recording position on the heart.



Subjects are requested to lay down in all the three postures one by one for recording purpose. The recording is done by means of Jabes analyzer. The Jabes Electronic Stethoscope amplifies the original body sound twenty times. It has a simple button mode changer. An integrated electronic filter that allows to change the frequency mode of the stethoscope with the press of a fingertip. With the Jabes Analyzer software or Gold Wave software, the body sounds are displayed and visualized that was observe in real time. We then easily record the sound when using this stethoscope away from the office with many types of simple, portable recording equipment. The sound data can be transferred via the internet. For the proposed investigation, we use gold wave software to display and visualize the sound patterns.



3. RESULTS AND DISCUSSIONS The frame wise LSD for male and female subjects is shown in Fig. 3 and Fig. 4 corresponding to cardinal vowel /a/. The x-axis in these plots represents frame number and y-axis represents LSD in dB. In these figures Column 1 shows the plot resulting from standing posture and column 2 for sitting posture, and subplot (a, e) is corresponding to silence, (b, f) is corresponding to /a/, (c, g) for /e/, and (d, h) for /u/. It was observed that for male subjects, mean is maximum in standing posture corresponding to cardinal vowel /e/ (27.93). For this posture, SD is also found maximum but corresponding to cardinal vowel /a/ (4.64 dB). For female subjects, mean and SD is found maximum for standing posture corresponding to cardinal vowel /e/ (mean: 9.42 dB, SD: 2.18 dB). Fig. 5 shows the plot for mean and SD of the LSD for each posture in case of one male (code: M1) and one female subject (code: F1). This figure shows that the mean is maximum in case of standing posture both the subjects. It is also shown that is SD and LSD is maximum in case of standing posture as compared to sitting posture for both the subjects. It is also clear from the result, that the recorded sound spectrum shows variation as the subject varies from male to female. For female subject, LSD is maximum as compared to male subject. This Fig. clearly shows that the value of mean and SD varies from posture to posture. The results also differ from male to female subjects. Hence, posture and sex of the subject has pronounced effect on the recorded signals. The values of calculated mean and standard deviation are listed in Table I.
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Table I: Mean and standard deviation (SD) of the LSD of subjects M1 and F1. Subject



S01



S02



Vowel Mean



SD



silence



1.55



8.30



Posture



/a/



15.11



/e/



27.93



Standing posture in 4.64 reference to sleeping posture 2.13



/u/



23.92



2.08



silence



8.21



1.08



/a/



8.20



/e/



8.15



Sitting posture in 1.14 reference to sleeping posture 1.08



/u/



7.80



0.89



silence



8.07



0.79



/a/



9.14



/e/



9.42



1.42 Standing posture in reference to sleeping 2.18 posture



/u/



8.55



1.82



silence



8.07



0.78



/a/



8.31



/e/



9.06



0.99 Sitting posture in reference to sleeping 1.99 posture



/u/



8.77



1.47
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Fig. 3 Variation of Log spectral distances (LSD) as a function of frame number for different body postures for subject S01 in correspondence to silence and three different cardinal vowels. First column: Standing posture in reference to sleeping posture, Second column: Sitting posture in reference to sleeping posture. The plots (a, e) are in correspondence to silence, plots (b, f) are in correspondence to cardinal vowel /a/, plots (c, g) are in correspondence to cardinal vowel /e/, plots (d, h) are in correspondence to cardinal vowel /u/.
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Fig. 4 Variation of Log spectral distances (LSD) as a function of frame number for different body postures for subject S02 in correspondence to silence and three different cardinal vowels. First column: Standing posture in reference to sleeping posture, Second column: Sitting posture in reference to sleeping posture. The plots (a, e) are in correspondence to silence, plots (b, f) are in correspondence to cardinal vowel /a/, plots (c, g) are in correspondence to cardinal vowel /e/, plots (d, h) are in correspondence to cardinal vowel /u/.
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Standing posture



Sitting posture



Fig. 5 Plot for Mean and standard deviation of the LSD for male and female subject in Standing posture (C1) and Sitting posture (C2).



4. Conclusion Analysis shows that the LSD was found maximum (37db) for standing posture and minimum in case of sitting posture. During the analysis, it was observed that there is a greater effect of body posture as well as subject involved on the sound wave propagation in human body. Analysis of the result showed a specific relation between the body postures and the spectrum of recorded sounds, that means, as the subject changes the posture, the recorded sound wave pattern varies and the mean, SD, and LSD as a function of frame number also varies, which proves that the posture means a lot in terms of the biomedical recordings. The results may be useful in the field of biomedical applications.
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