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Swallowscope: A Smartphone based device for the Assessment of
Swallowing Ability

Dushyantha Jayatilake!, Kenji Suzuki!, Yohei Teramoto?, Tomoyuki Ueno?, Kei Nakai?
Kikue Hidaka?, Satoshi Ayuzawa?, Kiyoshi Eguchi? and Akira Matsumura?

Abstract— Dysphagia can cause serious challenges to both
physical and mental health. Aspiration due to dysphagia is
a major health risk that could cause pneumonia, and even
death. As a result, monitoring and managing dysphagia is of
utmost importance. This study investigates the development of
a smartphone-based device and a feasible real-time swallowing
sound processing algorithm for the antomatic screening for
swallowing ability.

The videoftuoroscopic swallow study (VFSS), which is con-
sidered the gold standard for the diagnosis of dysphagia,
is not widely available, expensive and causes exposure to
radiation. The screening tests used for dysphagia need to be
carried out by trained staff and the evaluations are often non-
quantifiable, The Swallowscope we developed is a wearable
device based on mobile health, and uses the swallowing sound to
quantitatively evaluate swallowing ability. As swallowing sound
can be captured continuously and during activities of daily life
with minimal intervention, it is an ideal approach to monitor
swallowing activities, and its continuous monitoring has a better
probability of capturing aspirations and risky swallow patterns.

This paper describes the real-time smartphone based algo-
rithm and the application we developed to monitor swallowing
activities and evaluates the recognition accuracy by comparing
them with VFSS evidence.

I. INTRODUCTION

Deglutition, which is commonly known as swallowing, is a
complex neuromuscular process that consists of both volun-
tary and reflexive actions of approximately 50 paired muscles
[1]. The swallowing process can be divided into 3 phases:
the oral phase, the pharyngeal phase and the esophageal
phase, and dysphagia or difficulties in swallowing can result
from a wide variety of functional or structural deficits
in each of these phases. Most common of these causes
are diseases and disorders such as strokes, neuromuscular
diseases (e.g. Parkinson’s disease and Amyotrophic lateral
sclerosis or ALS), and cancer. Dysphagia could be both
congenital and acquired and more common with the elderly.
The medical, social, and psychological impacts of dysphagia
could be serious. Aspiration, which is the misdirection of
oropharyngeal or gastric contents into the larynx instead of
the stomach, can cause pneumonia, in particular with the
immunocompromised patients. In Japan, the upward trend of
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Fig. 1. The Swallowscope for the continuous monitoring of swallowing
activities at the bedside and during activities of daily life

deaths due to pneumonia has risen to the 3rd place of leading
causes of death by 2011 with 98.9 deaths/100000 people [2],
and with the ageing population in Japan, this rate is expected
to increase even further. Furthermore, inability to eat prop-
erly can adversely affect the health through dehydration and
malnutrition, and it can also affect the quality of life [3], [4].
Dysphagia is also the most common symptom of esophageal
cancer, and its early detection is crucial for the successful
prognosis [5].

The videofluoroscopic swallow study (VESS) is consid-
ered the gold standard for the diagnosis of dysphagia. VFSS,
which is also known as the modified barium swallowing
examination (MBS), captures sequential video-radiographic
images of barium contrast-impregnated food and liquid as
they are transported during the oral cavity, pharyngeal cavity,
and esophagus in real-time. However, VFSS is needed to be
performed by trained staff at designated facilities, and is sub-
jected to exposure to radiation. Furthermore, the assessment
is more qualitative and requires expert knowledge to interpret
it. It is also imperative that clinicians observe patients during
their usual eating and drinking environment to determine the
external validity of the examination results and to assess
the patient’s ability to carry-over any learned swallowing
strategies [6]. Considering those various complexities, some
researchers such as Leder et.al [7] have suggested the use of
screening techniques prior to the use of VFSS.

Screening tests for dysphagia are intended to find the indi-
viduals who are strongly suspected of having dysphagia. Dry
swallowing, Repetitive saliva swallowing test (RSST), Water
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Fig. 2. Comparison of the swallowing sound with the corresponding
videofluoroscopic images.

swallow test, Coloured water test, Cervical auscultation of
swallowing and Swallowing provocation test (swallowing re-
flex test) are some of the screening test that can be performed
without the need of any special tools [8]. However, these
screening tests too need to be carried out by trained staff
and the evaluations are often non-quantifiable. In order to
address these limitations we developed the Swallowscope
that can continuously monitor swallowing activities and pro-
vide quantitative statistics on swallowing ability for assisting
dysphagia screening.

The Swallowscope is a wearable device, and uses the swal-
lowing sound to evaluate swallowing ability (Fig. 1). Based
on mHealth, it can be used conveniently during activities of
daily life. Earlier we reported the specific features of sound
produced during swallowing [9]. This paper describes the
development of a feasible real-time algorithm and evaluates
the Swallowscope by using in RSST-based screening.

II. METHODOLOGY

Since aspiration is not likely to happen with every swal-
low, especially in patients with mild dysphagia, continuous
monitoring has a better chance of capturing aspirations or
risky swallow patterns. As swallowing sound can be captured
continuously and during activities of daily life (ADL) with
minimal intervention, it is an ideal approach to monitor
swallowing activities. The Swallowscope we conceptualized
in Fig. 1 is a portable wearable system that can be used easily
during ADL for the real-time assessment of swallowing
function. The examiner could use the screen of the smart-
phone for a detailed description of swallowing activities, and
a caregiver could use the visualizations at the neck-wear
for a simpler real-time assessment of each swallow such
as whether the swallowing happened normally or whether
there has been signs of aspiration. By using a smartphone
for processing the data, we wanted to make the technology
widely available and more affordable. Furthermore, by auto-
matically uploading/backing-up the swallowing related raw-
data to a remote server, it is possible to re-evaluate the whole

Swallow duration [s]

Subject

Fig. 3. Variation of average length of a swallow during RSST

swallowing process as well as perform more detailed analysis
on a pc at a latter time by using more demanding algorithms.
By comparing the audio wave profile during swallowing
with the corresponding VESS images, Moriniere et.al have
reported on the origin of the sound components [10]. By
carefully synchronizing videofluoroscopic (VF) images with
the audio we analyzed the event based temporal and fre-
quency characteristics of the audio waveform. In order to
synchronize VF images with audio, we triggered an audio
signal within the VF environment, and time-wise aligned
the VF images with audio waveform, eliminating any delays
associated with the VF and audio data capturing systems.
Fig. 2 shows a comparison of audio waveform with VF
images (the data, which corresponds to a dysphagia patient
is fairly close to a healthy-swallow audio pattern). As it
can be seen from Fig. 2, the sound components produced
during swallowing are related to a chronological series of
anatomical activities: (a) resting state, (b) movement of the
soft palate and the larynx while bolus moving into the
pharynx, (c) movement of the bolus into the esophagus,
and (d) returning of the larynx back to the resting position.
Acoustic event related to (c) was the most prominent and
present in 100% of the healthy samples we examined (8
healthy and 62 dysphagic subjects), however, events (b)
and/or (d) were not observed in some of the samples.

A. Selection of parameters for the swallow activity recogni-
tion algorithm

In this study, we focused on the swallowing activities
related to the RSST. The RSST is a simple test developed by
Oguchi et.al for the screening for functional dysphagia and
has a sensitivity of 98% for the aspiration [11]. RSST counts
the number of repetitive dry swallows within a period of 30s,
and if the count is less than 3, then the subject is considered
to have a stronger possibility of having dysphagia. In RSST,
the number of swallows is counted by the movement of
laryngeal elevation, either visually or by palpating, which is
difficult to perform without proper training and experience.
We also believe the variation of length of swallows and the
duration between swallows could provide further insights
into the swallowing ability, and the simple swallow count is
not the only parameter that can evaluate swallowing ability.
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Swallowscope
A Smariphone based device for the Assessment of Swallowing Ability

Fig. 4. Overview of the Swallowscope, showing the indicator side of the
neck-worn microphone and the display of the smartphone application

In order to find necessary parameters for the swallow
activity detection algorithm, we performed RSST on 15
subjects; and to analyse the data for feature extraction, we
asked a speech therapist and an experience swallowing sound
coder to tag the starting and end points of each swallow
during RSST. From the data, we noticed significant variations
in lengths of swallow segments from person to person (p-
value<0.001), but less variations for the same person. Fig. 3
shows the variation of average swallow lengths of the 15
subjects. The test yielded an average swallowing time of
0.51s (S.D = 0.16).

B. Real-time processing of swallowing sound

The swallowing sound processing consists of 3 phases:
preliminary detection of swallow sound pattern, elimination
of cough and vocalizations and final detection. In the smart-
phone based algorithm, audio is captured as 16-bit pcm
(Pulse-code modulation) at a rate of 11025 Hz and processed
after acquiring into a 512-size buffer.

In the preliminary detection, we capture the sound profiles
that are bounded by silent segments longer than 139 ms (3
buffers) to a sound segment. Here, an acquired audio data
buffer is considered silent if the maximum value is less
than a predefined threshold. As it can be seen from Fig.
2, typically the audio produced at different anatomical levels
are separated by silent periods that are shorter than 3-buffers.
As a result, a silent period within an audio segment indicates
a switch in the anatomical region. After selecting the prelim-
inary audio segment, a continuous wavelet transformation is
performed and the amplitudes of the scale 19 is compared
against a predefined threshold to detect cough and sections
of vocalization. Finally, the audio segment is tested for: (a)
total length, which should be between 232 ms (5-buffers) and
700ms (15-buffers), and (b) number of sections (detected
anatomical regions), which should be between 2 and 4. If
all the above conditions are satisfied, the audio segment is
considered a proper swallow.

Fig. 4 shows the smartphone-based Swallowscope. The
swallowing sound is captured from the neck-worn wired
contact microphone and the real-time processing outcome

Automatic recognition of swallowing events

Audio amplitude

L
O

0 5 10 15 20
Time (s}

30

Length of a swallow segment

Length [s]
<o

Swallow number

Fig. 5. Real-time recognition of swallowing activities during RSST

is displayed on the screen. The microphone was placed
approximately around the c5 level of the cervical spine;
however, since the features used for swallow recognition
were less sensitive to the microphone location [9], it was
often worn by the subjects, themselves. The display statistics
consists of the number of swallows recognized, the total
time taken for the last recognized sallow and the average
time taken for a swallow. The recognition outcome is shown
both at the indication area of the smartphone and with
the indicating full-colour-LED of the neck-worn microphone
with 3 different colours: blue for no swallow or stand-by,
green for proper swallow and red for cough.

III. EVALUATION AND RESULTS

In order to evaluate the accuracy of automatic recognition,
we used the Swallowscope to evaluate RSST activity of
8 subjects while simultaneously performing VF, whereas
the VF images were used as the ground-truth to calculate
recognition accuracy. Fig. 5 shows the results of one of
the RSST, reproduced with the exact offline version of
the real-time algorithm. In this instance, the Swallowscope
recognized all the swallowing events accurately.

Fig. 6 shows the precision (fraction of retrieved instances
that are relevant) and recall (fraction of relevant instances
that are retrieved) of automatic recognition estimated accord-
ing to the ground-truth obtained from VF evidence. Overall,
the automatic swallow recognition algorithm achieved a
precision of 83.7% and a recall of 93.9%.

Due to the quantitative nature of evaluation, it is possible
to use the Swallowscope to obtain more information about
the swallowing process, and Fig. 7 compares the timing
characteristics of swallows during RSST of a healthy subject
(male, 35) and a dysphagic subject (female, 60’s). The
healthy subject managed 15 number of swallows within the
period of 30s whereas the dysphagic subject could manage
2 swallows only.
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IV. DISCUSSION

Swallowscope is the smartphone based device we de-
veloped to continuously monitor swallowing activities and
assess the swallowing ability. In the current stage where
we focused more on the RSST, we wanted to increase the
recall: the true positive rate, to make sure the Swallows-
cope’s categorization of not risky could be accepted with
high confidence. The standard screening techniques used
to assess swallowing ability have 2 main limitations: the
person who conducts the screening test needs to be an
expert to identify various outcomes of the test including
correctly recognizing swallows and the outcome of the tests
are subjected to qualitative interpretation of the examiner.
The Swallowscope on the other hand does not require any
special knowledge nor training and the results it produce
are quantitative. As a result, they are reproducible and
comparable. Our current algorithm for instance is capable of
recognizing precise temporal characteristics of swallowing
activities. It can accurately determine when did the swallow
has occurred and how long the swallow was. As a result,
it could be possible to define more definitive parameters
to evaluate swallowing ability. As seen in Fig 5, we could
analyse the progress of swallowing activities, whether the
subject is slowing down by using gap between swallows,
and whether the time for a swallow is increasing from the
swallow length information. These parameters could indicate

whether the swallowing function of the subject is getting
unusually tired. As it can be seen from Fig. 7, healthy
subject, while managing 15 swallows, did not have any
problem maintaining the swallowing rate. And the swallows
too took much shorter time to complete, indicating much
stronger and quicker swallows. Just as coughing indicates
possible aspiration, ability to cough properly is important
to make sure that the person can cough any aspirated food
particles out. Healthcare workers often would like to know
it before feeding someone who is in a risk of aspirating, and
we could use the cough detection to determine whether their
coughs are strong enough to serve this purpose.

V. CONCLUSIONS AND FUTUREWORKS

We developed a smartphone-based device that can analyse
swallowing sounds in real-time and generate quantitative
results to assist the bedside screening for swallowing ability.
‘We achieved a very high value for recall, indicating the Swal-
lowscope’s categorization of not risky could be accepted with
confidence. We further demonstrated the ability to generate
quantitative measures about the swallowing ability, and this
could help to produce more reliable screening methods.

We are currently working on compiling a large database
of healthy and dysphagic swallowing patterns and plan to
improve pattern-recognition algorithm to increase the screen-
ing accuracy and robustness as well as to directly detect
dysphagic swallowing patterns. We also believe it is possible
to describe swallowing pressure from the swallowing sound
and currently conducting a study that combines swallowing
sound, VFSS and high-resolution manometry (HRM).
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