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Abstract— Diabetes mellitus is a very silent disease, which, according to various studies, has been growing every year, among them are
patients with type 2 diabetes mellitus that is characterized by why they do not produce enough insulin in their body, causing them to inject
insulin in an uncontrolled way, caused discomfort by the number of times they inject. Some patients do not know if they have type 2 diabetes,
and over time several inefficient and expensive diabetes screening systems have been developed, limiting their use by everyone. Similarly, if
this disease is not detected in time, it can compromise other parts of the body so it is always necessary to control your eating habit, on the other
hand, this type 2 disease can be detected in fasting of the patient. According to the problem exposed, in this research a self-detection system of
type 2 diabetes mellitus was carried out by aspirating a urinalysis to detect through the sweet smell of urine if the patient may have type 2
diabetes mellitus by means of gas sensors and carbon nanotubes fused by a microcontroller. Through the operation of the system, it was observed
that the tests were performed with an efficiency of 98.99%, being an accepted value for a reliable and safe diabetes analysis, demonstrating that
it can detect type 2 diabetes mellitus by aspirating the smell of urine.
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I. INTRODUCTION by the pancreas (insulin) is made in a scarce way. [2],
complicating its use effectively in helping blood glucose get into
parts of the muscles and liver [3], Therefore, given the lack of
insulin, patients with diabetes mellitus are constantly injected
with insulin [4].

In the last 10 years, there has been a noticeable growth in the
number of cases of patients with diabetes mellitus, which has
affected to date more than 390 million patients worldwide [1],
with an increasing risk factor. This disease of type 2 diabetes has
proven to be fatal for all patients because the hormone produced
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Likewise, this disease of diabetes mellitus is commonly
related to the increase in obesity.[5], causing a considerable
negative impact on the patient's life, as well as on their economic
condition due to their treatment [6]. That is why, in recent years,
research into biomedical devices that allow obtaining early
information about blood glucose through algorithms has been
enhanced. [7], Assisting the physician with diagnosis and
preservation of the patient's health.

The treatment of patients with type 2 diabetes mellitus can
be cumbersome for various reasons such as making decisions
about the amount and frequency of insulin injection during the
day by the patient. [8], resulting for most patients difficult to
control their blood glucose level, as well as painful due to the
number of times they have to inject insulin inappropriately that
can affect the patient. [9]. On the other hand, type 2 diabetes
mellitus not only presents complications mentioned so far, but
also the symptoms that some patients acquire such as thirst,
fatigue, hazy look, are difficult to cope with. [10]. Glucose
behavior can also be affected by factors such as sugar
consumption and stress. [11], that if not detected in time can
affect different parts of the patient's body, to the extent of losing
some part by amputation because it has no cure, so you must
maintain constant control about the level of glucose in the blood
[12]. Type 2 diabetes mellitus can be detected by a fasting
glucose test, which is a cumbersome method that requires time,
so a new method proposed is detection by a glucose test through
the patient's urine.

The objective of this research is to develop a self-detection
system for type 2 diabetes mellitus by aspirating a urinalysis to
detect through the sweet smell of urine if the patient may have
type 2 diabetes mellitus. Its development is based on the use of
gas sensors and carbon nanotubes fused by means of a PIC
18F4550 microcontroller for the acquisition of information on
the analysis of urine inhalation with different types of urinary
volatile compounds that diabetic patients have. The
programming of the PIC 18F4550 microcontroller was done by
means of MPLAB for the proper operation of the system.

In section I, the literature review of previous research will
be carried out. In section I11, the methodology about the system
will be carried out by means of a block diagram. In section IV,
the operation of the aspiration of the urine of patients will be
carried out. In section V, the results of the tests carried out will
be carried out. In section VI, the discussion of the system versus
others will take place. In section VII, the conclusion and
recommendation of the system will be carried out.

Il. LITERATURE REVIEW

Diabetes is a silent disease that if not treated in time and
correctly can compromise other parts of the patient's body,
causing them a lot of damage to their health, therefore, the use
of technological systems could help the patient. For example: In
[13], The researchers mention that diabetes when related to the
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high value of sugar, its value is determined by a usual way
through a fasting blood test, being uncomfortable at the time of
performing this analysis, likewise, it is the most used by most
hospitals, therefore, they decided to perform a biomedical
system for the detection of diabetes based on sugar levels
through the intensity of the sensor in the strip elastic. The
researchers' procedure is based on the reading of the sensor
placed on the patient's arm to measure the sugar level using
electrical pulses and interpret it using an actuator supported by
an Arduino nano. As a result, they presented a 90% efficiency in
detecting the sugar level of patients, concluding that the system
works based on a non-traumatic way, being a contributor for
diabetic patients who are in a health center or their home.

In [14], The researchers mention that this disease to date has
been growing, mentioning that the main reason is due to the lack
of knowledge in the adult population about diabetes and they
have no prevention to avoid this disease that affects each patient
differently, therefore, they decided to make a diabetes preventive
system by intelligently measuring the patient's glucose. The
researchers' procedure relies on an intelligent learning pattern to
monitor blood sugar levels and determine if the patient may be
at risk of acquiring this disease through a microcontroller. As a
result they presented a 91% efficiency in monitoring their
glucose to the patient, concluding that this system was developed
with efficient components that allow this system to work
perfectly.

In [15], The researchers mention that in the market there is a
diversity of biomedical equipment that promises to measure
blood sugar, highlighting that these systems have a high
percentage of error so it is not reliable to manipulate it in
patients, therefore, they decided to make a control system for
diabetic patients by means of a low-cost sensor. The researchers'
procedure is based on circular resonator circuits with dielectric
components that together allow a transferable sensor. As a result,
they presented an 89.47% efficiency in controlling sick patients,
reaching the conclusion that this system was developed for the
field of biomedicine, allowing to control the patient's blood
glucose level.

In [16], The researchers mention that the diabetes factor is
increasing, and that the main causes are due to poor nutritional
control by people, foods with high levels of sugar without
control, therefore, they decided to perform a wireless glucose
meter system to control the patient's levels and prevent diabetes.
The researchers' procedure supports making a sugar meter by
means of Arduino connected to an Xbee module for wireless
communication. As a result, they presented a 92.13% efficiency
in measuring the patient's glucose, concluding that this system
sends the information wirelessly to the system so that the
measurement made to the patient can be visualized.
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I1l. METHODOLOGY

The methodology used to perform this system is based on the
self-detection of type 2 diabetes mellitus through the aspiration
of the patient's urinalysis to diagnose this disease and can receive
initial treatment, so that this system allows the doctor to obtain
complete information. In Figure 1 a block diagram was
developed specifying the three stages of the system.
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Figure 1. System block diagram

A. Patient’s urine sample

The reason for obtaining the patient's urine sample is to be
able to perform an early study on a case of diabetic patient by
observing the patient's urine odor, which is a new method unlike
the classic method that requires blood and is uncomfortable for
most patients. Through this urine sample, it is intended to make
a quick and painless diagnosis, for this, patients have to have
their intimate area cleaned and fill the sterile glass bottle of 30
ml fasting, specifically the portion of the center of the urine to
store it in a cool space.

B. Analysis of the sample using the suction system

The analysis of the system is based on the aspiration of odor
from the patient's urine, taking as important data that the
characteristic odor of diabetic patients presents a high degree of
methyl nitrate, as well as elevated levels of organic compound
of 4-heptanone [17]. On the other hand, there are several systems
developed previously that use methods such as chromatography
for the detection of volatile gases, but this methodology is
expensive and that would prevent most patients from being
treated with these systems.

The system will work like a nose by the function of sucking
the honeyed smell of the patient's urine, which, based on several
studies carried out previously, will be able to hit the odors of the
type 2 diabetic patient with the help of an array of sensors for the
acquisition of information on the analysis of the inhalation of
urine.
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C. Result of the analysis

The result of the system analysis will show the evaluation of
polymer gas sensors along with fused carbon nanotubes. With
both components, the system would detect the odoriferous
composition in the patient's urine sample, being able to
differentiate the sample of a diabetic patient versus a healthy
patient in real time. Likewise, this system applies a methodology
of rapid and painless detection that can be used from the comfort
of home in a practical way, monitoring the patient's blood
glucose level and being able to preserve their health.

1V. FUNCTIONING OF PATIENTS’ URINE ASPIRATION

For the operation of the system, first, the properties of the
urine of a healthy patient that has 94% water, 1.89% non-organic
salt, among other substances must be taken into account. These
values may vary, although it should be noted that some
substances such as glucose, proteins, among others, are not
present in the urine due to kidney function. For this reason, gas
detection was carried out by means of sensors with carbon
nanotubes, for that, various tests were carried out with volatile
elements to determine their reaction, being able to find ammonia
and ketone in the analyzed samples.

According to this analysis, ketone is not found in the urine
sample of the healthy patient, but in diabetic patients, therefore,
poly acid solution (sulfonic styrene) will be used to distinguish
the diabetic patient with the detection of ketone in their urine
sample. Likewise, three samples of non-diabetic people and four
diabetic people were evaluated to check the correct analysis of
the system, recognizing them and putting them together by
means of a mathematical method programmed in the PIC
18F4550 microcontroller.

In Figure 2, the analysis of the seven people can be observed,
where the "T" represents healthy people with a similarity
percentage of 7 4%, while the "D" represent diabetic people with
a similarity percentage greater than 94%, which shows that the
patient has type 2 diabetes mellitus.
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Figure 2. Analysis of patients’ urinalysis
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V. RESULTS

The result obtained by the system, demonstrates the
operation of the sensors for the detection of type 2 diabetes
mellitus by aspirating the smell of urine, showing its correct
functioning  when  specifying among  non-diabetics
instantaneously, compared to other diabetic people so that the
doctor can perform an adequate treatment.

The development of the system was done efficiently, when
performing the corresponding tests, it was determined that it
works with an efficiency of 98.99%, being an adequate value for
professional doctors to have support when detecting the blood
sugar level of patients and monitoring their treatment without
any problem.

The result obtained by the system, determines if the person
can be a diabetic patient in a non-uncomfortable way, unlike the
traditional method where they require the patient's blood to
analyze their blood sugar level, which over time causes the skin
to become inflamed and harmful to the patient.

The system shows as a result that its operation is important
for those with needle phobia, likewise, its test result is
instantaneously to measure the level of glucose in the blood,
which, depending on the percentage of similarity, classifies the
person by the amount of ketone present in their urine sample.

From the result obtained, it was determined that its
implementation in various medical centers would help people
diagnose type 2 diabetes mellitus, by using low-cost electronic
components that allow the ease of being implemented in any
medical center, having as main characteristic the speed of its
result and the non-discomfort for the patient.

V1. DISCUSSION

The operation of the system helps patients responsibly,
likewise, it applies various new techniques to be able to self-
detect type 2 diabetes mellitus, which is why it differs from other
investigations previously by the methodology used, for example,
the research carried out by [13], where the researchers decided
to launch a biomedical system for the detection of diabetes based
on sugar levels by means of the intensity of the sensor in the
elastic strip. Obtaining as a result an efficiency of 90%, but this
system does not indicate the detection levels found with its
analyzes, likewise, it does not apply any filter to avoid errors that
may affect the handling.

The research conducted by [14], where the researchers
decided to direct a diabetes preventive system by intelligently
measuring the patient's glucose. Obtaining as a result an
efficiency of 91%, but this system does not apply conditions for
the control of glucose, so its analysis can generate erroneous
values that are not stored on any server, being lost quickly after
the measurement.

The research conducted by [15], where the researchers
decided to route a control system for diabetic patients through a
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low-cost sensor. Obtaining as a result an efficiency of 89.47%,
but this system to be based on a sensor should have filters that
could alter the measurement with ambient noise, so it does not
have that or information of the placement distance.

The research conducted by [16], where the researchers
decided to route a wireless glucose measuring system to monitor
patient levels and prevent diabetes. Obtaining as a result an
efficiency of 92.13%, but this system has interferences in
wireless communication, hindering the correct reception of the
patient measurement, which can cause a wrong diagnosis.

VI11.CONCLUSION AND RECOMMENDATION

The system concludes that it presents an important
performance in the operation of the system based on gas sensors
that auto detect the diabetes the patient, classifying it according
to its percentage of similarity.

From the system it is concluded that its development is a
benefit for the field of medicine, likewise, its manipulation is
friendly that even the same person can use it from the comfort of
his home to rule out type 2 diabetes mellitus.

From the system it is concluded that its operation is not
unsafe or causes any harm to the patient, since it is an external
analysis of their urine sample, that makes the doctor, or the
patient do not take too long to know the results.

As future work, a wireless module will be added to the
system so that it can send the result of the patient's analysis to a
mobile device and view it.

It is recommended that, at the time of performing the urine
analysis, the necessary amount of the sample should be taken
into account so that there is no variation in the result.
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