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ABSTRACT

Gastric disorders are widely spread among the population of any age. At the moment, the diagnosis is made by using invasive systems
that cause several side effects. The present manuscript proposes an innovative non-invasive sensing system for diagnosing gastric
dysfunctions. The Electro-GastroGraphy (EGG) technique is used to record myoelectrical signals of stomach activities. Although EGG
technique is well known for a long time, several issues concerning the signal processing and the definition of suitable diagnostic criteria
are still unresolved. So, EGG is to this day a trial practice. The authors want to overcome the current limitations of the technique and
improve its relevance. To this purpose, a smart EGG sensing system has been designed to non-invasively diagnose gastric disorders. In
detail, the system records the gastric slow waves by means of skin surface electrodes placed in the epigastric area. Cutaneous
myoelectrical signals are so acquired from the body surface in proximity of stomach. Electro-gastrographic record is then processed.
According to the diagnostic model designed from the authors, the system estimates specific diagnostic parameters in time and frequency
domains. It uses Discrete Wavelet Transform to obtain power spectral density diagrams. The frequency and power of the EGG waveform
and the dominant frequency components are so analyzed. The defined diagnostic parameters are put in comparison with the reference
values of a normal EGG in order to estimate the presence of gastric pathologies by the analysis of arrhythmias (tachygastria, bradygastria
and irregular rhythm). The paper aims to describe the design of the system and of the arrhythmias detection algorithm. Prototype
development and experimental data will be presented in future works. Preliminary results show an interesting relevance of the

suggested technique so that it can be considered as a promising non-invasive tool for diagnosing gastrointestinal motility disorders.
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1. INTRODUCTION

The rapid advancement of information technologies now
allows the physicians to be able to smartly follow and assist the
patient in real time even remotely through simple dedicated
applications [1]-[3]. In the same perspective, the case of
gastrointestinal pathologies has been addressed here.

Dyspepsia, stomach ulcer, gastritis, esophageal reflux are
some examples of gastrointestinal motility disorders. Such
pathologies are widely spread among the population and their
symptoms can become strongly debilitating. Gastric disorders
include several dysfunctions of the stomach digestive activity.
Gastroesophageal scintigraphy and endoscopy (gastroscopy) are
at the moment two invasive techniques extensively used in the

practice to diagnose gastric disorders. During the digestive
function, the stomach muscles contract rhythmically to allow
digestive activity to be performed. This activity is regulated from
myoelectrical waves. Such waves in presence of additional stimuli
induce muscles to contract, [4]-[8]. Electromyographic
measurements of such gasttic slow waves can provide important
information on the stomach activity, [9]. Electrogastrography
(EGG) is a technique known from several years based on
recording stomach muscle contractions by means of skin
electrodes, [10], [11]. Such technique suffers from inappropriate
data processing algorithms and interpretation errors, so showing
poor reliability in the use of it as a diagnostic method of
gastrointestinal motility disorders. Nevertheless, recent medical
trials have highlighted a clear correlation between abnormal
gastric electrical activity and the onset of specific dysfunctions,
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[12], so that the gastroenterologists have recently reconsidered it
as a potential non-invasive screening technique. In addition, the
American Gastroenterological Association (AGA) states the
clinical relevance of EGG in demonstrating gastric myoelectric
abnormalities in patients with unexplained nausea and vomiting
or functional dyspepsia, [13], [14]. It represents a promising and
interesting alternative method for gastric screening since it has
no side effects and is painless, [15]. Nevertheless, further
advances on processing algorithms and on the project of more
accurate measurement systems are required in order to improve
the reliability and evidence of the method, [16]. At present, there
are no standardized diagnostic criteria and the state of art
highlights poor cate about this issue. Therefore, several aspects
must be still investigated, and additional studies are needed to
assess the use of EGG as an alternative test to the actually used
invasive techniques, [17]-[19]. As it has been assessed above, an
EGG system records the stomach myoelectrical activity by
means of cutaneous leads placed over the gastric area. In this
way, it is possible to estimate patient’s gastrointestinal conditions
by analysing the slow waves in time and frequency domains. In
presence of gastric disorders, myoelectrical abnormalities can be
revealed and characterized in the EGG records, due to a
decreased activity of the stomach muscles and nerves. In healthy
individuals, standard EGG record is characterized by regular
electrical rhythm. In detail, it consists of periodic waveforms with
a predominant frequency of 3 cycles per minute (cpm) at rest.
During the digestive activity, frequency and intensity of gastric
waves increase. In individuals suffering from gastrointestinal
motility disorders, electro-gastrographic measurements have
instead an irregular rhythm. In addition, post meal, sometimes,
no increase of frequency and intensity of the waveform is
observed. These and further features must be analysed in order
to define suitable diagnostic criteria for characterizing the
occurrence of gastric motility disorders. Another interesting
application of the electro-gastrographic technique concerns the
study of patients affected from vomiting, unexplained nausea,
improper digestion of food and gastroparesis. Medical trials have
been carried out to get important information on the mechanism
that regulates the activity of stomach muscles and nerves in
presence of those disorders, [19]-[21]. So, for example, it can be
an helpful technique in understanding the origin of the
unexplained contractions which cause vomiting in patients
affected by anorexia, [22], [23]. That would allow
gastroenterologists to schedule new therapies so to reduce the
vomiting stimulus.

Therefore, more and more physicians show renewed interest
in this technique. Nevertheless, careful studies have still to
highlight its potentialities. In this sight, the authors have focused
their research activity on such aspects in order to overcome
limitations and lack in the interpretation of the EGG waveforms.
So, the authors have proposed in [24] an innovative diagnostic
model for characterizing gastric myoelectrical abnormalities due
to disorders, and gained long-standing experience in recording of
myoelectrical signals, [25]-[27].

In the present manuscript, the authors describe the
developments of the model previously proposed. In detail, a
smart and automated EGG sensing system has been designed
and its project is described in the following. By the embedded
diagnostic criteria, the system is able to recognize an abnormal
gastric activity. The used methodical approach starts with the
study of the electro-gastrographic technique. Standard EGG
records of healthy persons have been analysed in order to define
suitable diagnostic reference parameters. Such parameters

contribute to define and recognize the onset of gastric disorders.
Then, diagnostic criteria have been defined to optimize the
analysis of the EGG waves in patients affected from gastric
disorders. The diagnosis is based on a multifactorial analysis of
the defined diagnostic parameters, which are compared with the
respective reference values of a standard EGG signal. The EGG
sensing system has been projected and developed according to
the Measurement System Design Model described in [28]. The
system acquires and processes gastric myoelectrical waves in
compliance with the diagnostic model presented in [24]. Then
the system decides among five alternative diagnoses.

In the next Section an overview of the electro-gastrographic
technique is reported, and main gastric disorders and some
applications of EGG in medical practice are described. The third
and fourth Sections respectively analyses the phenomenon and
describes the project of the smart EGG sensing system and the
embedded diagnostic algorithm. Next, some results are
presented, and Conclusions follow.

2. ELECTROGASTROGRAPHY

The electro-gastrographic technique is known in medical field
for a long time. It has common features with the
electrocardiogram, as both techniques are based on myoelectrical
signal measurements. The EGG is a non-invasive technique
based on recording the gastric myoelectrical activity. Now, it
cannot be considered in effect as a diagnostic tool because of
lack of its standardization.
interpretation errors and lack of approved diagnostic criteria are
some reasons. So, the authors have carefully examined the state
of art of the technique in order to understand the current use of
it. The method has been used in medical practice to study
patients affected from unexplained persistent or episodic
symptoms related to gastric motility disorders. Further studies
have been carried out by analysing gastric waveforms of patients

Inaccurate instrumentation,

with unexplained nausea and vomiting. They have shown
interesting and promising results. The same analysis cannot be
petformed by means of invasive diagnostic tools, such as
endoscopy, because of the artefacts introduced during the
examination. In fact, endoscopy can be cause of further vomiting
stimuli which overlap to patient’s nausea. Other clinical trials
highlight that functional dyspepsia and gastroparesis can be
characterized by analysing gastric myoelectrical activity. In such
cases, arthythmias of the EGG waveform can be cleatly
observed. Further studies have singled out the occurrence of
abnormalities in the EGG waves of patients with other specific
gastric disorders such as stomach ulcer, gastritis, oesophageal
reflux, early satiety, anorexia. Experimental results have shown
an interesting correlation between gastric myoelectrical impulses
and stomach diseases. For this reason, this technique can be
considered as a promising and practical screening tool for the
evaluation of several gastrointestinal motility disorders.
Nevertheless, before considering EGG as a reliable diagnostic
test, several aspects need still to be explained and highlighted.
The authors have so focused their attention on these issues. The
final aim is to propose the project of non-invasive sensing system
with embedded diagnostic criteria. In order to use a methodical
approach to the matter, we must understand the mechanism
which regulates the gastric myoelectrical impulses and the
stomach muscles contraction. Therefore, the behaviour of the
stomach during gastric function (digestion) in healthy persons
has been analysed. Once the myoelectrical activity of the stomach
has been investigated, it has been possible to characterize the
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Figure 1. EGG waveform.

standard EGG waveform so to correctly interpret the occurrence
of possible abnormalities in the myoelectrical activity, [29]-[31].
In detail, stomach’s contraction and netrves
movement are regulated by myoelectrical impulses, [30], [31].
Such gastric waves control and coordinate the stomach activity.
Periodic waves, within specific frequency and amplitude ranges,
are usual and allow stomach to digest food. Electro-

muscles

gastrographic signals have amplitude relatively low, about 200 —
5000 pV. Consequently, the acquired signal must be amplified
before of the processing stage. The frequency range is 0.016 —
0.25 Hz equal to 1 — 15 cpm, see Figure 1 for reference.

At rest, slow waves depolarize the gastric smooth muscles
without causing contraction. Amplitude of EGG waves
increases, with the ingestion of food and when digestion starts,
due to the increased activity of the stomach’s muscles. During
digestion, indeed, the contraction of the muscles is caused by
additional depolarization. So gastric slow waves control the
fundamental frequency and the direction of contraction. This
behaviour describes the regular mechanism of the gastric
function.

Differently, in presence of gastrointestinal disorders,
arthythmias can be observed in the EGG waveform due to an
incorrect stomach’s activity. Such abnormal myoelectrical
activity is cause of changes of the fundamental frequency
component and of its intensity. For instance, when a reduced
contractile function of the stomach is observed, the EGG
waveform is characterized by lower frequency values of the
fundamental component known as bradygastria. It is due to a
reduced number of contractions. Conversely, higher frequency
values of the fundamental component, or fachygastria, cause
stomach atonicity. Generally, the pathogenesis of the gastric
myoelectrical arrhythmias is due to the delayed stomach
emptying which occurs when the individual is affected from
motility gastrointestinal disorders. Consequently, it is cause of a
reduced stomach activity

3. STANDARD EGG WAVEFORM

Clinicians suggest collecting EGG recordings after overnight
fasting and during food digestion, in order to analyse the gastric
function at rest and during digestive activity. The patient must be
in a comfortable position to prevent movement artefacts and
should remain motionless during the whole EGG acquisition. A
preliminary recording is performed with empty stomach, 15 to
60 minutes. Subsequently the patient must consume a caloric
meal (300 kcal), and a further EGG 30 to 120 minutes recording
is acquired. Normally physicians suggest a fasting recording of
30 minutes and a postprandial recording of 60 minutes. In this
way, it is possible to evaluate the gastric response during meal
digestion. A set of EGG signals, recorded during fasting and

postprandial stages, has been analysed in time and frequency
domains by using Discrete Wavelet Transform. Frequency
components and their amplitude (power) have been considered.
By means of power/frequency spectral analysis, the postprandial
and fasting records have been compared. Commonly it is
assumed that a normal EGG waveform is characterized by an
averaged dominant frequency of about 3 cpm. During digestion,
both frequency and associated amplitude increase. Rhythm
abnormalities include bradygastria (lower dominant frequency),
tachygastria (higher dominant frequency), and irregular rhythm
(dysthythmia). Nevertheless, such averaged values are not
reliable because they can significantly change from individual to
individual (physical constitution, age, general healthy status, etc.).
Consequently, a careful study of the literature and further
analyses of EGG signals of healthy individuals have allowed us
to characterize a reference model. Two quantities must be
considered: frequency and amplitude. In a standard EGG
waveform, the fasting dominant frequency of gastric waves has
to belong to the interval 2-4 cpm. In the postprandial recording,
dominant frequency must belong to the normal frequency range
2-4 cpm for at least 75 % of time. This percentage time depends
on the type of meal consumed. If the dominant frequency
belongs to the previous interval only for 25 % of the EGG
recording time, then it can be considered index of dysrhythmia.
This occurrence happens because of an altered gastric emptying.
Lower frequency values or equal to 2 cpm are index of
bradygastria. Higher frequency values or equal to 4 cpm define
tachygastria. In a regular recording segment, different zones with
bradygastria and tachygastria may be characterized. Dysrhythmia
can be characterized if the relative abnormal frequency
waveform takes at least 5 minutes. The recognition of these
patterns is simple, the only parameter to be considered is the
dominant frequency value. Further relevant parameters in the
time domain can be used to characterize an irregular gastric
activity. For example, an abnormal EGG record can be
characterized by the presence of bradygastria or/and tachygastria
regions over 30 % of the recording time. As an alternative, the
EGG waveform can be considered irregular if the percentage of
power distribution in the bradygastria or tachygastria regions is
greater than 20 %. With reference to the signal intensity, we can
estimate the absolute amplitude or power of EGG waveform by
means of the weighted summation of the gastric waves.
Differently, the percentage power distribution is obtained by
summing waveform power for each frequency band and dividing
by the total signal power of the recording, the result is multiplied
by 100. Typically, a power ratio between postprandial and fasting
signals lower or equal to 1 may suggest a decreased gastric
response to the meal. On the contrary, it is expected an increase
in the myoelectrical activity of the stomach during digestion.
Finally, nausea and eatly satiety, are typically cause of gastric
dysrhythmia, but this occurrence does not include necessarily an
altered gastric emptying rate.

4. THE SMART EGG SENSING SYSTEM

In this Section, the project of the EGG sensing system is
described. The system has been projected according to the
Measurement System Design Model in [28]. Through an
algorithm, the smart system is able to extract information from
the EGG signal according to the criteria reported in the Table 2.
It is a smart and patient-adaptive system which can detect
gastrointestinal motility disorders. The system project has a
microcontroller architecture in order to manage the data flow
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Figure 2. Sections of the stomach.

and the data processing. Three cutaneous Ag/AgCl electrodes
are used to acquire and record the gastric myoelectrical signals,
[32]. Electrodes must be placed on the anterior abdominal wall
over the stomach (epigastrium antrum). It is preferable that
specialized medical staff perform the electrodes displacement.
However, for further information, a brief description of the
procedure is provided here. Being the stomach located in
proximity of the end of the rib section, it is helpful to divide it in
three zones in order to suitably place the electrodes: the fundus
(upper region), the stomach body or middle, and the pylorus (end
of the stomach), see Figure 2.

Two electrodes must be placed under the ribs in proximity of
the fundus and mid corpus of the stomach (along the antral axis);
the third one, the ground reference, is placed at the end of the
stomach (see black circles in Figure 3). This configuration allows
signal-to-noise ratio to be minimized.

Since the electro-gastrographic signal has a relatively low
amplitude, it is amplified before of the processing stage by means
of an Analog Device Amplifier AD524. According to the frequency
range (1 — 15 cpm), a band pass filter, with cutoff frequencies
equal to 0.010 and 0.3 Hz, has been used to eliminate frequency
components which are lower than 1 cpm and higher than 15
cpm. In this way, it is possible to remove the baseline drift and
to exclude signals from other sources: possible myoelectrical
interferences can be due to the heart, colon and small intestine.
Further interferences or artefacts are due to breathing,
movements or electrical noise. These artefacts have commonly
frequency components which are lower than 1 cpm (motion
artefacts) and higher than 9 cpm (respiratory artefacts). Such
overlapping signals could cause an erroneous estimation of signal
amplitude and dominant frequency. Therefore, the filter has been
carefully designed to reject both further myoelectrical
contributions due to other organs and artefacts and noise. The
signal is sampled with a sampling frequency of 2 Hz, and is
subsequently processed by a Discrete Wavelet Transform, [33], [34].

Stomach S

Small intestine

Figure 3. EGG electrodes displacement.

By means of spectral analysis, it is possible to estimate the power
and amplitude of the signal frequency components, [35], [36].
The waveform analysis in time and frequency domains allows the
system to get information on the power trends as function of
frequency and/or time. In this way, it is possible to characterize
the arrhythmias of the myoelectrical signal. Specific memory
devices have been used to store information concerning the
metrological characteristics of the system and patient’s clinical
history. In detail, information on measurement uncertainty and
calibration curve is stored in a first memory device in order to
estimate the reliability of measurement results. In addition, a
further writable and readable storage device stores private and
medical data concerning the case-history of the patient in order
to improve the diagnosis reliability. Figure 4 shows the flow
diagram of the EGG signal processing.

The amplification and filtering blocks allow the system to
perform a preliminary pre-processing of the input signal. The
filtering stage performs the rejection of noise and artefact signals
overlapped to the EGG waveform. Two amplification stages
have been used to amplify the voltage levels. Once the electrodes
are propetly displaced, the system performs a fasting recording
30 minutes long and a postprandial recording lasting 60 minutes.
Subsequently, the acquired signals are processed according to the
diagnostic model, [24].

Abnormalities in the EGG tecord can be characterized by
considering the power vs frequency trend. Gastrointestinal
motility disorders cause, in fact, arrhythmias that, if characterized
by frequency components above the normal range, indicate
tachygastria, by frequency components below normal range
indicate bradygastria; if several frequency contributions arise, then
that indicate dysrhythmia; further, lack of signal power increases
during postprandial recording. Consequently, five patterns are
considered: 1) normal EGG; ii) bradygastria; iii) tachygastria; iv)
dysrhythmia; V) lack of postprandial power increase.

The analysis in Section 3 has allowed us to define specific
diagnostic parameters which are representative of the gastric
myoelectrical signal features, see Table 1.

These parameters provide a complete description of the EGG
waveform in terms of spectral and power analysis. Basic
requirements are: TDF, £ TDF and p_TDF with a time duration
which has to be higher than 5 minutes.

Sensing Device

Filtering

2 stage
Amplification
Ne——

A/D Converter

Patient Case-

Metrological

Data Processing

History

Status Memory

Figure 4. Flow diagram of the EGG signal path.
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Table 1. Defined diagnostic parameters.

Parameter Description

DF in cpm Dominant frequency

TDFins Recording time of dominant frequency

PDF in dBm Power distribution of dominant frequency

f_DFincpm Fasting dominant frequency

f TDFins Recording time of fasting dominant frequency

f_PDF in dBm Power distribution of fasting dominant frequency

fTins Fasting recording time

p_DF in cpm Postprandial dominant frequency

p_TDFins Recording time of postprandial dominant frequency

p_PDF in dBm Power distribution of postprandial dominant frequency
p_Tins Postprandial recording time

RDF Ratio of postprandial to fasting power of DF

T3Fins Recording time of [2-4] cpm frequency range

p_T3Fins Recording time of postprandial [2-4] cpm frequency range
f T3Fins Recording time of fasting [2-4] cpm frequency range

P3F in dBm Power distribution of [2-4] cpm frequency range

TTFins Total recording time of tachygastria frequency

PTF in dBm Power distribution of tachygastria frequency

TBFins Total recording time of bradygastria frequency

PBF in dBm Power distribution of bradygastria frequency

%P3F Percentage of power distribution of [2-4] cpm frequency range
%PTF Percentage of power distribution of tachygastria frequency
%PBF Percentage of power distribution of bradygastria frequency

Firstly, the embedded algorithm allows the system to estimate
the dominant frequency (DF), the time length of dominant
frequency recording (TDF), the associated amplitude and power
distribution (PDF). In this way it is possible to verify the rhythm
of the EGG waveform. In detail, the system estimates the fasting
and postprandial dominant frequencies (f DF, p_DF) and their
recording time (f_TDF, p_TDF, f T, p_T), amplitude and power
distribution (f_PDF, p_PDF). Subsequently, the ratio of
postprandial to fasting power (RDEF) is evaluated in order to
assess the occurrence of a decreased gastric response to the meal.
In order to verify the possible occurrence of dysrhythmias, the
recording time and power distribution of EGG frequencies
in/above/below the 2 — 4 cpm intervals are computed (13F,
p_T3F, f T3F, P3F). The recording time and power distribution
of tachygastria and bradygastria ranges (P3F, T1TF, P1T, TBF, PBF)
are subsequently estimated. Finally, the percentage of power

Table 2. Diagnosis criteria.

distribution in the three frequency ranges (%P3F, %PTF, %PBF)
can be obtained by estimating the weighted summation of power
contributions divided by the total power. The last parameters
allow us to characterize the presence of fachygastria and bradygastria
patterns.

Once the previous diagnostic parameters have been
estimated, the smart EGG sensing system verifies the presence
of possible irregular gastric activities. To this aim, each parameter
is compared with the homologous reference value of a normal
EGG record, described in Section III. Five alternative diagnoses
(normal EGG, bradygastria, tachygastria, dysrbythmia and lack of
postprandial power increase) are available. Specific conditions about
time, frequency and power must be satisfied simultaneously in
order to make a specific diagnosis. Table 2 summarizes the
embedded diagnosis criteria.

Diagnosis Criteria

Alternatives

Time Frequency in cpm Power
2<DF <4and2< < 4and > ; P3F > PTF; P3F > PBF
Normal 100 P 5 75 and 100 frsr > 75 an for an PeoF > fpDF
pr fr 2<pDF <4 and %P3F > 75 %

) TBF
Bradygastria 100 m > 30 DF <2orf_DF <2orp. DF <2 %PBF > 20 %

) TTF
Tachygastria 100 [GOFI ) > 30 DF > 4or f_DF > 4orp_DF >4 %PTF > 20 %

. p .
Dysrhythmia 100 ? < 25and (pr) — (prsp) > 300 Variable DF PDF>P3F

T
Lack of postprandial prop > 300's ) RDF <1

power increase
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5. DISCUSSION

The previous parameters and the diagnosis criteria have been
characterized by analysing EGG records of healthy individuals,
[24]. Standard EGG signals have been considered to define the
normal range of each parameter. The design of the EGG sensing
system embeds such diagnosis criteria which have been validated
by means of simulations.

Preliminary results have been carried out by using standard
EGG records in order to verify the possible occurrence of false-
positive diagnoses. EGG records have been generated by means
of an arbitrary waveform generator in laboratory. Twenty cases
have been considered. In all cases, the system has propetly
detected the absence of arrhythmias in compliance with the
expected behaviour.

Further tests have been performed to verify the system
capability to reject the artefacts. Motion and respiratory artefacts
have been reproduced and added to a normal EGG record. The
noisy signal has been processed and the artefacts have been
propetly removed obtaining the initial EGG signal.

Additional simulations have been performed in order to test
the sensitivity of the system. EGG records with gastric disorders
have been generated in Matlab environment to verify the degree
to which the embedded numerical algorithm responds to slight
changes of the diagnostic parameters. Each pattern occurrence
has been reproduced in order to prove the effectiveness and
accuracy of diagnosis results. Then, the signals have been
generated by using an arbitrary waveform generator. Therefore,
the experimental results do not regard specific patients, but they
are the consequence of simulations. The system response has
been observed. In detail, EGG waveforms have been generated
starting from standard waves. The single diagnostic parameter
has been modified with progressive percentage deviations. In this
way, it has been possible to characterize the sensitivity of the
system. The presence of gastric arrhythmias has been detected in
presence of deviations above 7 % of the reference values in Table
2. The EGG system has shown a good capability to detect each
pattern. The total sensitivity was above 94 %o.

6. CONCLUSIONS

In this paper the electro-gastrographic technique (EGG) is
proposed to record and process myoelectrical signals of the
stomach activity. Several studies in literature show an interesting
relevance of electro-gastrography to diagnose gastric disorders.
Although EGG technique is well known, several issues are still
unresolved. So, EGG is, up to day, a trial practice. The authors
propose the design of a smart EGG sensing system in order to
overcome the current limitations of the technique and improve
its relevance and evidence. The system has been projected
according to the IEEE 74571 Standard. It is able to acquire the
EGG signal by means of skin electrodes and to process it
according to the embedded diagnostic model previously defined
by the authors. Diagnostic parameters and their reference values
have been characterized by analysing EGG records of healthy
individuals. By using the diagnostic model, the smart system is
able to assess the occurrence of abnormal myoelectrical activity
of the stomach due to gastric pathologies. Five alternative
diagnoses have been considered: normal EGG, bradygastria,
tachygastria, dysrhythmia, lack of postprandial power increase. Preliminary
simulations have shown interesting results. In detail, the
proposed system has been tested by using normal EGG records
and simulated waveforms, so to verify its sensitivity and
selectivity. Experimental data have shown promising results.

The proposed sensing system may be considered a non-
invasive tool for diagnosing gastrointestinal motility disorders as
an alternative to invasive techniques such as gastroscopy.

At the moment, the research activity is expecting for funding
in order to develop the system and carry out experimentation on
real case-studies. Medical trials have been scheduled and results
will be reported in future works.
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