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Defecation Prediction System Using Bowl Sound
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Abstract: Fecal incontinence is a serious but popular problem for elderly people since it not only degrades their qual-
ity of physical and mental life but also increases the work of care givers. One promising tool to solve this problem is
a defecation prediction system since a patient can go to toilet if he/she knows the time of excretion in advance. Our
approach to develop such a system is to measure bowel sounds (BSs) using a wearable device, to predict the defecation
time, and to informs the user before defecation. As a first step to the development, in this paper, it is shown that BSs
include information of the defecation time by classifying the BSs before/after defecation. The classification is possible
by detect the change of the power in the spectrogram of the BSs.
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1. Introduction
Although life expectancy continues to increase globally in de-

veloped countries, including Japan, there is a difference between
life expectancy and a healthy life expectancy [1]. One of the ma-
jor diseases in community-dwelling older adults is fecal incon-
tinence. In fact, the reported median prevalence of fecal incon-
tinence in [2] was 7.7% (range, 2.0%-20.7%), which increased
with age (15-34 years, 5.7%; ¿90 years, 15.9%), and the reported
prevalence of fecal incontinence in Japan in [3] was 8.7% in men
and 6.6% in women. In addition, the multivariate analyses therein
revealed that dementia and no participation in social activities
were independent risk factors for both urinary and fecal incon-
tinence. Thus, fecal incontinence is a serious problem for elderly
people.

Although medical treatment for fecal incontinence has been
studied intensively [4], non-medical treatment such as bowl habit
and training is recommended as a first step [5].

As a non-medical treatment, defecation prediction is a promis-
ing tool for community-dwelling adults. An excretion-aid system
that predict defecation can avoid fecal incontinence by noticing
them the time of excretion in advance. It can also improve the
quality of life of nursed people, who need to be treated for ex-
cretion, from not only the physical viewpoint but also the mental
one.

Several attempts have been trying to develop such a system,
however, none of them have succeeded. For example, Helppad
system detects excretion using an odor sensor and reduces the
uncomfortable time of the user [6] but it cannot predict excretion
in advance. Prediction of excretion itself is possible by using ul-
trasonic sensors [7], however, the sensors must be located just on
the intestine with stool, which is not realistic.
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Fig. 1 Location of the stethoscope for data collection.

We tackle this problem using bowel sounds (BSs) since the
sounds are easier to measure using wearable devices compared
to the ultrasonic signals. BSs stem from the movement of gas or
a mixture in the bowel lumen, with gas as the major component
[8] and thus are used diagnosis of bowel diseases [9]. These facts
imply that BSs include information of bowel status and that they
are useful for a defecation prediction system.

As a first step to develop a defecation prediction system, in
this paper, we show that the BSs include information of defeca-
tion, that is, the sounds before/after defecation are different, by
making a classifier based on the spectrogram. By virtue of our
result, we will develop a defecation prediction system using BSs
in the future.

2. Materials and Methods
2.1 Bowel sounds

The BSs in our experiments were collected from one healthy
male subject (50 y.o.) for 30 seconds, two hours after a meal and
ten minutes after the corresponding defecation, three times for
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Fig. 2 Collected bowel sounds.

each, using an electronic stethoscope (3M Littmann Stethoscope
Model 3200) with a control software (3M Littmann StethAssist
Heart and Lung Sound Visualization Software). The electronic
stethoscope was placed at the junction of the transverse and de-
scending colons (Fig. 1).

2.2 Preprocessing
The collected bowl sounds were preprocessed using a band-

pass filter (100 Hz–1 kHz) and short-time Fourier transform
(STFT) with 10-msec sliding window of 100-msec window
length. These parameters were determined so that 99.5 % of the
signal energy is kept [10] and that each time-window includes at
least one single burst or multiple burst [11].

2.3 Problem formulation
Our final goal is to develop a defecation prediction system. As

a first step to the goal, in this paper, we made a classifier that
discriminates the BSs before/after defecation.

3. Results
3.1 Bowel sounds collection

The BSs were properly collected using the electronic stetho-
scope (Fig. 2). The sounds were confirmed by a medical doctor
(the second author) that they are surely bowl sounds from the
medical viewpoint. In addition, they were confirmed to have sin-
gle bursts and multiple bursts by their spectrogram, where wide-
band signals were included (Fig. 3).

3.2 Power of bowel sounds
The spectrogram in Fig. 3 shows a difference of power of the

BSs between before and after defecation. In fact, their distribu-
tions differ in the histogram of the power (Fig. 4a), which means
that we can make a classifier by just thresholding the cumulative
distribution of the power (Fig. 4b).

3.3 Performance of classifier
The simple classifier based on the cumulative distribution of
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Fig. 3 Spectrogram of bowl sounds.

the power has two parameters, the time-window length L and the
percentile p (the horizontal axis in Fig. 4b). To see the perfor-
mance of the classifier, we calculated the AUC (Area under the
curve) with each parameter set, where the curve means the ROC
(Receiver Operating characteristic Curve).

As the results, the classifier has AUCs of more than 0.80, up
to 0.974 when L = 15, if the percentile p is appropriately chosen
(Fig. 5).

4. Discussion
We have succeeded to discriminate the bowel sounds be-

fore/after defecation using a simple classifier based on the power
distribution as a first step to a defecation prediction system. In
short, the power of BSs increases after defecation.

BSs are related to migrating motor complex (MMC), which is
a regular cyclic activity of intestines during fasting and vanishes
after eating [12]. Our result that the power of BSs increases af-
ter defecation is consistent with the knowledge if we can regard
defecation as a kind of fasting since the intestine gets empty.

One of the next steps is to extend the classifier to the predictor.

This will not be a difficult task if we can collect bowel sounds
continuously. For example, we can apply the sequential Bayesian
inference technique to the prediction problem, as was done for
cell division prediction [13], since the task is not to show when
defecation occurs but to alert the user five minutes before defeca-
tion.

Another step is to develop a wearable device. Fortunately,
this is promising since bowel sounds are rather easy to collect
[12], [14] compared to ultrasonic imaging although ultrasonic
imaging techniques have also been developed [15].

5. Concluding Remarks
As a first step to developing a defecation prediction system us-

ing a wearable device, we confirmed that bowel sounds include
the information on defecation by constructing a classifier that dis-
criminate the bowel sounds before/after defecation. The bowel
sounds before/after defecation have different power distributions
and thus the simple thresholding method of the cumulative dis-
tributions classified them with the AUC of up to 0.974 when the
time-window length and the percentile were appropriately cho-
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a) Histogram of the BS power before/after defecation.

b) Cummurative histogram of the powers.

Fig. 4 Histogram of bowl-sound power.

Fig. 5 AUC scores of the thresholding of the power.

sen. The results suggest the possibility of constructing a defeca-
tion prediction system using bowel sounds.

Acknowledgments This work was supported in part by JSPS

KAKENHI Grant Number 18K19821 and NAIST DSC grant.

References
[1] World Health Organization: World Health Statistics 2018: Monitoring

health for the SDGs. (2018).

© 2022 Information Processing Society of Japan 4

Vol.2022-BIO-69 No.9
2022/3/10



IPSJ SIG Technical Report

[2] Macmillan, A.K., Merrie, A.E.H., Marshall, R.J., Parry, B.R.: The
Prevalence of Fecal Incontinence in Community-Dwelling Adults: A
Systematic Review of the Literature, Diseases of the Colon and Rec-
tum., Vol.47, No.8, pp.1341–1349 (2004).

[3] Nakanishi, N., Tatara, K., Naramura, H., Fujiwara, H., Takashima,
Y., Fukuda, H.: Urinary and Fecal Incontinence in a Community-
Residing Older Population in Japan, J. Am. Geriatr. Soc., Vol.45, No.2,
pp.215–9, (1997).

[4] Maeda, K., Yamana, T., Takao, Y., Mimura, T., Katsuno, H., Seki, M.,
Tsunoda, A., Yoshioka, K.: Fecal Incontinence Guideline Preparation
Committee, Japanese Practice Guidelines for Fecal Incontinence Part
1—Definition, Epidemiology, Etiology, Pathophysiology and Causes,
Risk Factors, Clinical Evaluations, and Symptomatic Scores and QoL
Questionnaire for Clinical EvaluationsEnglish Version, J. Anus. Rec-
tum. Colon., Vol.5, No.1, pp.52–66, (2021).

[5] Norton, C, Whitehead, W.E., Bliss, D.Z., et al.: Conservative and
Pharmacological Management of Faecal Inconti- nence in Adults. In
Abrams, P., Cardozo, L., Khoury, S., et al., eds. Incontinence, Health
Publication Ltd, Paris, pp.1321–1386, (2009).

[6] Excretion care system: Helppad, https://helppad.jp/
[7] Tomihara, K., Tanabe, M., Yotsuya, J. and Nishimoto, M.: Analysis

for Classification of Stools and Gases in Large Intestine, Proc. 37th
Symp. Ultrasonic Electronics, 2016.

[8] Liu, C.J., Huang, S.C. and Chen, H.I.: Oscillating Gas Bubbles as the
Origin of Bowel Sounds: A Combined Acoustic and Imaging Study,
Chinese J. of Physiology, Vol.53, pp.245–253, (2010).

[9] Nowak, J.K., Nowak, R., Radzikowski, K., Grulkowski, I and
Walkowiak, J.: Automated Bowel Sound Analysis:An Overview, Sen-
sors, Vol.21, 5294, (2021).

[10] Ranta, R., Louis-Dorr, V., Heinrich, C., Wolf, D. and Guillemin,
F.: Digestive Activity Evaluation by Multichannel Abdominal
Sounds Analysis, IEEE Trans. Biomedical Engineering, Vol.57, No.6,
pp.1507–1519, (2010).

[11] Kim, K.S., Seo, J.H., Ryu, S.H., Kim, M.H. and Song, C.G.: Estima-
tion Algorithm of the Bowel Motility Based on Regression Analysis
of the Jitter and Shimmer of Bowel Sounds, Computer Methods Pro-
grams Biomedicine, Vol.104, pp.426–434, (2011).

[12] Du, X., Allwood, G., Webberley, K.M., Osseiran, A. and Marshall,
B.J.: Bowel Sounds Identification and Migrating Motor-Complex De-
tection with Low-Cost Piezoelectric Acoustic Sensing Device, Sen-
sors, Vol.18, 4240, (2018).

[13] Kozawa, S., Akanuma, T., Sato, T., Sato, Y., Ikeda, K., Sato, T.N.:
Live-Forecast of Stochastic Individual Cell Behavior in Living Organ-
ism, Scientific Reports, Vol.6, 32962, (2016).

[14] Zhao, K., Jiang, H., Wang, Z., Chen, P., Zhu, B. and Duan, X.: Long-
Term Bowel Sound Monitoring and Segmentation by Wearable De-
vices and Convolutional Neural Networks, IEEE Trans. Biomedical
Circuits and Systems, Vol.14, No.5, pp.985–996 (2020).

[15] Sada, M. and Tanabe, M.: Preliminary Study of Self-Shape Estima-
tion of Ultrasonic Flexible Probe Using Direct Waves among Elements
for Medical Ultrasound Imaging, Japanese J. Applied Physics, Vol.59,
SKKE25, (2020).

© 2022 Information Processing Society of Japan 5

Vol.2022-BIO-69 No.9
2022/3/10


