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sensors can be successfully applied in the field of medical
applications [4, 5], environmental monitoring [6, 7], quality
assessment of food [8] and beverages [9], etc.

Abstract—The association of change in the pattern of volatile
organic compounds released from the human body with a
person’s health has proved effective in screening and diagnosing
diseases. And with smart devices getting integrated into our living
environment, a smart toilet that could monitor the change in urine
odor to indicate the health status through analysis of urine would
be of great importance. For this reason, we have developed an
electronic nose based on eight metal oxide gas sensors in this work
to functional as a system that can analyze urine odor. To evaluate
the performance of gas sensors, we have performed tests from
three groups of urine obtained from healthy, diabetic and alcoholdrinking volunteers. Representatively, the highest sensing
response was found to be demonstrated by the sensor TGS2603
and the lowest by MQ8. Overall, all the gas sensors have shown
excellent sensitivity to the changes in the urine odor. The
discrimination ability of the e-nose evaluated by principal
component analysis (PCA) could successfully group and
discriminate urine odors based on the volatile organic compounds
presented in its head-space.

Some of the pioneering applications of this technology are
found in the field of medical diagnostics for screening diabetes
mellitus [10, 11] and for monitoring alcohol [12, 13] by
studying the unique pattern of VOCs emitted from the exhaled
breath. However, scientific research utilizing e-nose equipped
with gas sensors that can perform dual action of diagnosing
diabetes as well as detect alcohol by studying the change in the
pattern of urine odor through urine analysis cannot be found
except for a study conducted by Siyang et al. [14] that suggests
the feasibility of using metal oxide gas sensors for diabetes
diagnosis.
Technology is getting integrated into our living
environment consciously or unconsciously for providing us
with the best comfort and service.
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I.

INTRODUCTION

Analysis of urine has been an important medical tool for
centuries and is still in use today due to its abundance in
information derived from the urine profile. The underlying
mechanism in this field is being related to volatolomics
commonly known as the study of volatile organic compounds
(VOCs), which can be directly associated to the phenotypic
behavior of a person’s health. In general, volatile organic
compounds are of two types; exogenous produced from the
influence of exogenous sources like diet or medicine, and
endogenous produced from the normal as well as abnormal
body metabolisms [1]. One of the emerging technologies that
reproduce the working of human olfactory system, called
electronic nose (e-nose), represents as a promising candidate
for analyzing these VOCs in urine. In fact, the employment of
arrays of gas sensors with capability to respond to a broad
range of odor compounds and its advanced pattern recognition
system that assists user to extract reliable and relevant
information [2] has been the driving factor in making e-nose
system so popular. Since its invention based on use of chemical
sensor array for odor detection by Persaud in 1982 [3],
numerous works reveal that e-nose equipped with chemical gas

Figure 1. Schematic diagram of urine odor detection using electronic nose.
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TABLE I. SPECIFICATIONS OF METAL OXIDE GAS SENSORS EMPLOYED
IN E-NOSE

If sensors installed in the bathroom can help reduce fall injuries
that usually occur with the elder people [15], a smart toilet that
could indicate the status of our one’s own health doesn’t seem
too far. For this reason, we propose an e-nose equipped with
eight commercial gas sensors suitable for use as a urine
analysis system as shown in Fig. 1. Its utilization will
revolutionize the existing methods of screening and keeping
track of one’s health status, for it opens a platform where
toilets can be an ideal place to perform a daily check up of
one’s own body fluid especially urine on daily basis and help
in eliminating the hassle and costs of visiting hospitals and
laboratory tests.
II.

Sensor
No.
1
2
3
4
5
6
7
8

Detection target

MQ-8
TGS 2444
TGS 823
TGS 2600
TGS 2603
TGS 2610
TGS 825
TGS 2602

H2
NH3
Organic solvent vapors
Air contaminants
Air contaminants and odorous gas
LPG, VOC
H2S
Solvent vapors and odorous gases

TABLE II. DEMOGRAPHIC DATA OF TYPE II DIABETES PATIENT AND
HEALTHY CONTROLS.

MATERIALS AND METHOD

A. Sensor Characteristics
The capability of the e-nose to perform as an effective
urine analysis system entirely depends on the employment of
gas sensors. For this reason, eight metal oxide gas sensors as
listed in table I, were purchased from Hanwein Electronics
Co., Ltd (MQ code) and Figaro Engineering Inc. (TGS code).
These gas sensors were carefully selected to cover the target
VOCs present in the human urine.
B. System Architecture
The e-nose employed in this work consists of three
important components: namely, sample delivery system,
detection system and computing system. In sample delivery
system, two chambers each for reference (grade zero air) and
sample (urine odor) was installed. The switching of the gas
flow from reference to sample and vice versa is controlled by
solenoid valves. A mass flow controller controls the flow of
gas at the flow rate of 1.5 L/min. The detection system
comprises eight metal oxide gas sensors employed to detect
and classify urine odor from the samples. The computing
system consists of multiplexer, DAQ device and LabVIEW
program. Each channel in the multiplexer is connected to
individual sensor from where input from each sensor gets
forwarded into a single input signal that is sent as output from
the circuit. The DAQ device then converts this signal from
analog to digital to be analysed easily in the computer for
pattern recognition done by a LabVIEW-based program.
The schematic circuit diagram of this e-nose is shown in
Fig. 2. An input voltage (Vi) of 5 V is used for maintaining the
sensors operation power for optimal functioning of the
sensors. A resistor (Rr) of 10 kΩ is connected in series with
each and every sensor (R1, R2,... R8). The output voltage (Vo)
generated from each sensor is calculated as:
Vo = Vi [(Rr)/R1+Rr]

Sensors

Specifications

Type II diabetes
patient

Healthy
0F/2M

Gender (F/M)

3F/1M

Age range (years)

22-60

27-35

FPG ( mg/dl)

111-130

79-85

HbA1c (%)

6.73-8.1

5.29-5.52

Number of smokers

0

0

Total number of volunteers

4

2

C. Subject Description and Sample Collection
The collection of urine from the volunteers is described
in two parts, the first part for diabetes odor analysis and the
second part for alcohol odor analysis. For diabetes odor
analysis, 6 subjects (4 diabetic patients and 2 healthy
volunteers) as shown in table II, were recruited by the
physician at Ramathibodi hospital based on the internationally
accepted standards for screening and diagnosis diabetes.
For the alcohol odor analysis, a healthy aged 29 years old
male participated voluntarily. A beer named Leo (330 cc, 5%
alcohol) was chosen for this experiment.

(1)

Using (1), resistance across each sensor (Rs) is then calculated
by:
Rs =[(Vi –Vo)/Vo] x Rr
(2)

Figure 2. Schematic diagram showing electronic nose circuit
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In the first part of the experiment, the number of beer bottles
consumed by the volunteer had to be increased from one till
three. In the second part of the experiment, the volunteer had
to drink two bottles of beer and the urine samples were
collected on hourly basis, i.e., the first urine sample was
collected after two hours and other four urine samples after
every one hour. Even though alcohol can be detectable in the
urine up to 12 hours [16] depending on the retention in the
bladder, after every intake of beer, a gap of two days was kept
in between to ensure complete removal of alcohol from the
volunteer’s body before the next test was conducted.
D. Sample Preparation
The urine from the subjects was directly used for the enose measurement without any treatment. 20 ml of urine was
transferred to a clean glass bottle for measuring the electrical
response it generates with the gas sensors within two hours
from the time of urine collection. All measurements were
conducted at room temperature.

III.

Figure 4. The percent change in gas sensing response by eight metal oxide gas
sensors towards increasing beer number (1 beer bottle- 3 beer bottles).

The results obtained from the experiment will be presented
and discussed in three parts; firstly the sensing response
towards urine odor of diabetes, healthy and alcohol; secondly
towards alcohol concentration based on increasing amount of
beer; and thirdly towards alcohol retention in the urine with
passage of time.

RESULTS AND DISUSSION

A. Response to Urine Odor
The sensing response of gas sensor is defined as the
percent change in the resistance between the reference time
and the sample time and is calculated as
R %=[( Rs-Ri )/Ri ] ×100

For the first part in the experiment, the result of sensitivity
of the gas sensors towards volatile urine odor from three
groups namely, diabetes, healthy and alcohol is shown in Fig.
3. It can be seen obviously that all gas sensors yield different
response to different urine odors. The TGS2603 sensor
described by the manufacturer for detecting odorous gas yields
the highest sensing response whereas MQ8 for detecting
hydrogen gas yields the lowest sensing response.

(3)

where Rs is resistance of each sensor when exposed to sample
urine and Ri is the resistance of each sensor without sample
urine.

Figure 3. Average percent change in resistance of eight metal oxide gas sensors
towards volatile urine odor from diabetes, healthy and alcohol.
Figure 5. Results of principal component analysis of eight metal oxide gas
sensors to beer odor in urine with passage of time.
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Since the sensing data obtained was enormous as it was
recorded every second, it was introduced into PCA for
reduction in its dimension [17]. And the PCA in Fig. 3 clearly
separates the urine odor into three distinct groups of red
(diabetic), green (healthy) and blue (alcohol i.e., beer) with
PC1 accounting to 86.5% variance and PC2 to 8.5% variance,
among the samples.
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