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Abstract—Diabetes is one of the most common chronic
diseases and can occur at any age. To avoid many side effects of
diabetes on health, early detection of diabetes is very necessary. In
this paper, we propose an alternative method to detect diabetes
based on direct measurement of urine odor by using an electronic
nose (E-nose). Artificial urines, used to simulated a situation of
diabetes patient, were produced by adding glucose into the pure
urine samples. Eight commercial chemical gas sensors were used
as the sensing elements of our e-nose. Principal components
analysis (PCA) and cluster analysis (CA) methods were employed
for data analysis. The PCA and CA results show that the proposed
technique was able to identify the glucose concentration in urine.
In the future, e-nose can be a potential tool for diabetes diagnosis
by healthcare personnel as well as home users.
Index Terms—E-nose, PCA, smart toilet, chemical sensor,
diabetes.

I. INTRODUCTION
Diabetes is one of the most common chronic diseases
caused by metabolic malfunction in carbohydrate metabolism.
From the report of World Health Organization (WHO) based on
August 2011, there are 364 million diabetes patients in the
world and more than 80% of diabetes deaths occur in low-and
middle-income countries. In Thailand, the Bureau of Non
Communicable Disease reported that there were about 0.6
million diabetes patients in 2010. The data shows that diabetes
is an important disease that can occur in every people.
Diabetes occurs either when the pancreas does not produce
enough insulin or when the body cannot effectively use the
insulin it produces. Insulin is a hormone that regulates blood
glucose levels. Hyperglycaemia is a common effect of
uncontrolled diabetes and over time leads to serious damage to
many of the body’s system, especially the nerves and blood vessels.
The diabetes diagnosis can be made by measurement of
glucose level in blood. In general, there are three methods
including; (i) fasting plasma glucose test, (ii) oral glucose
tolerance test, and (iii) random plasma glucose test for diabetes
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diagnosis. All of these methods can measure the level of
glucose but their procedures are quite complicated and timeconsuming. Another method for fast diabetes diagnosis is the
measurement of glucose in urine by using urine reagent strips.
This method is quick and convenient but suffers low accuracy.
Electronic nose (E-nose) technology has been widely used
in food industry, agriculture, environment monitoring and
medical applications [1-5]. For example, the E-nose system
was used to detect and discriminate exhaled breath of
hepatocellular carcinoma patients [6] and diagnosis of urinary
tract infection. [7].
In this paper, we have studied the possibility for diabetes
diagnosis by direct measurement of urine odor using a labmade e-nose. In general, urine contains very little glucose and
other composition as shown in Table I. People with abnormal
high blood sugar often have glucose in their urine because of
diabetes. The effect of high level sugar in urine can cause a
sweet or fruity odor. Therefore, e-nose may be applied for
diabetes diagnosis of the urine odor directly.
TABLE I. COMPOSITION OF NORMAL URINE
Item

Amount (%wt)

Water

95

Inorganic salt
Urea
Organic ammonium salt
Organic compounds
Glucose

1.91
1.81
0.70
0.56
0.02
a. Data from “Nasa Contractor Report” [8]

II. EXPERIMENTAL DETAILS

III. RESULT AND DISCUSSION

A. Sample collection and Preparation

A. Urine reagent strips testing

Urine samples were collected from normal people that
have normal level of glucose in urine. The samples were
collected and measured the temperature and volume
immediately. Next, the sample was tested with urine reagent
strip to ensure the normal glucose level in urine. Various
concentrations of glucose (Glucolin, 99% of glucose) were
added into the pure urine samples in order to simulate the
artificial urines of diabetes patients. Six different samples were
produced as summarized in Table II.

Based on adding of the amount of glucoses as summarized
in Table II, the result of urine reagent strips testing is
displayed in Fig. 2. The color of reagent area is in good
agreement with the color chart of standard database. It indicates
that artificial urine for diabetes patient can be simply produced
by direct adding of glucose amounts summarized in Table II.

TABLE II. THE DEFINITION OF EACH SPECIMEN
Definition

Item

Sample 1
Sample 2
Sample 3
Sample 4
Sample 5
Sample 6

Pure Urine
Pure Urine + 100 mg/dl glucose
Pure Urine + 250 mg/dl glucose
Pure Urine + 500 mg/dl glucose
Pure Urine + 1000 mg/dl glucose
Pure Urine + 2000 mg/dl glucose

B. Urine reagent strips testing
The urine samples were tested by urine reagent strips for
estimating the concentration of glucose. Urine strip was
completely dipped into the sample and immediately removed
to avoid dissolving of the reagent areas, waiting for 30
seconds. The color change of the reagent area was compared
to the corresponding color chart on the bottle label.

Fig. 2. Result of urine strip reagent testing

B. Sensor Response
The response of gas sensor (Si) was calculated by the
following equation;
Si = | R0 - Rs | / R0

(1)

Where
and

R0 is resistance of sensor in pure air
Rs is resistance of sensor in sample odors

C. Measurement by the Electric Nose
After testing the sample with urine reagent strips, the
samples were measured by an E-nose. The schematic diagram
of our lab-made e-nose system was shown in Fig. 1. The
temperature of the sample was controlled by thermostat and
varied as follows: 35, 40, and 45C.

Fig. 3. Average sensor response of each sensor

Fig. 1. The schematic diagram of E-nose system

The average sensor response was calculated and plotted
against with the concentrations of glucose as shown in Fig. 3.
The highest response of 65% is obtained from TGS 826 sensor
while TGS 2602 sensor gives the lowest sensor response of
3% on sample 1.
From the datasheets of gas sensor (http://www.figaro
sensor.com), TGS 826 is the sensor for ammonia detection.
From the composition of urine as show in Table I, there is

0.7 wt% of organic ammonia salt in urine so this causes the
high sensor response of TGS 826. In case of TGS 2602, this
sensor is generally used for detection of air contaminants such
as toluene and hydrogen sulfide. Such contaminants are not
major composition of urine. Therefore, the TGS 2602 sensor
shows the lowest sensor response. However, the TGS gas
sensors were not designed to detect the fruity odor. The sensor
responses are not linear with the glucose concentration but
they can generate the unique patterns. Therefore, the data will
be introduced into principal components analysis (PCA) and
cluster analysis (CA) for further data analysis.
C. Principal Components Analysis (PCA)
To specify the level of glucose in urine, the principal
components analysis (PCA) was used for pattern recognition.
Urine samples were measured by varying temperatures (35, 40,
and 45C). In principles, the increase of temperature has an
effect to the evaporation rate of the solution that can cause
distinct sensor response.
At temperature of 35C, the result of PCA is not clearly
separated in each concentration as shown in Figure 4 (a). When
the temperature increases to 40C, there is a bit shift of sample 1
from other samples. Almost all samples are still grouped within
the same region. For the temperature at 45C, the PCA result
clearly shows the separation of normal urine from other
samples. There are two groups that can be noticed as shown in
Fig. 4 (c). The left side is low concentration of glucose and
right side is moderate and high concentrations of glucose.

(a)

D. Cluster Analysis (CA)
To study the distinction of PCA point in each experiment,
the cluster analysis method (CA) was used. The results are
shown in Fig. 5. At the temperature of 35C and 40C, the CA
results scatter conformably to the PCA results. These
temperatures cannot identify the normal people that have
normal level of glucose in urine. High order of CA result was
observed when the temperature of measurement increases to
45C. There is two large groups. First group is sample 1 and
sample 2. Second group is sample 3, 4, 5 and 6. For first group,
there is a little similarity of PCA point. The result conforms to
the PCA results as shown in Fig 4 (c). For the second group,
sample 5 can be clearly separated from the samples 3, 4 and 6.
From cluster analysis, it can be concluded that the increase of
temperature during measurement can increase the possibility of
electronic nose for diabetes diagnosis.

(b)

(c)

IV. CONCLUSION
The study of diabetes diagnosis by direct measurement
from urine odor with electronic nose was achieved with
varying the temperatures. The commercial TGS gas sensors
were used as the sensing section and the highest sensitivity was
observed from TGS 826 sensor that can detect gas ammonia.
The PCA and CA method were employed in data analysis.

(c)
Fig. 4. Principal Components Analysis (PCA) of glucose in urine as various
temperature (a) 35C, (b) 40C, and (c) 45C

From the PCA and CA results, it was shown that the
increment of sample temperature can increase the possibility
for identification of the concentration of glucose in urine.
Based on this preliminary study, our lab-made e-nose can be a
potential device for diabetes diagnosis by direct measurement
from urine odor with applied the temperature (>45 C).
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