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Abstract: Temperature modulation in gas sensors based on metal oxides, such as SnO., alters the operating temperature
of the sensor. These changes enhance the sensor's sensitivity and selectivity in detecting acetic acid in vinegar, enabling
the determination of vinegar purity. In temperature modulation for gas sensors, temperature cycles are employed to record
the sensor's response to different compounds. These responses are then processed as classification features to differentiate
and identify various compounds. In this study, the nearest neighbor (k-NN) algorithm was used to classify vinegar samples
and assess their purity based on these features. A square voltage waveform was applied to the microheater of the MQ2
gas sensor, inducing temperature variations that generated distinct patterns in the sensor's response. The sensor's voltage
response to vinegar vapors with varying purities was recorded in three stages. From each pattern, seven unique features
were extracted to serve as inputs for the classification algorithm. The proposed algorithm demonstrated an accuracy of
86% in determining vinegar purity, making it suitable for use in automated detection systems.
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Extended Abstract

1- Introduction

An alternative to traditional chemical analysis for quality
control of vinegar and its component analysis is the use of
electronic noses. Electronic noses typically employ an
array of multiple sensors coupled with machine learning
algorithms to classify various gases. Machine learning
classification algorithms can be broadly categorized into
linear and nonlinear methods. Prominent linear algorithms
include Principal Component Analysis (PCA) classifiers
and k-Nearest Neighbors (k-NN).

Various sensor types are employed in electronic noses,
including metal oxide, polymer, and micro-
electrochemical sensors. Among these, metal oxide
semiconductor sensors are particularly favored due to their
high sensitivity to organic vapors, stable drift behavior,
long operational lifespan, and cost-effectiveness. Tin
oxide (Sn0O»), in particular, is one of the most widely used
metal oxide sensors for detecting diverse gases, including
those relevant to electronic nose applications.

Metal oxide gas sensors operate based on resistive changes
induced upon exposure to a gas, resulting in corresponding
voltage variations, which are regarded as the sensor's
response to the target gas. Furthermore, applying variable
temperatures to the sensor generates distinctive response
patterns, rich in information about the target gas. By
extracting features from these patterns, it becomes
possible to detect and classify gases more effectively,
thereby enhancing the selectivity of temperature-
modulated sensors.

The unique properties of metal oxide sensors, combined
with advanced data analysis techniques, position them as
suitable candidates for robust and efficient electronic nose
systems, particularly for applications such as vinegar
quality analysis.

2- Methodology

In this study, a square wave with an 8-volt amplitude and
a frequency of 100 mHz was applied to control the heating
of an MQ2 gas sensor, which operates based on the
semiconductor metal oxide SnO.. This temperature
modulation allowed the sensor's operating temperature to

oscillate between 200°C and 320°C, producing distinct
response patterns under varying thermal conditions. When
exposed to vinegar vapors with varying purity levels (20%,
40%, 60%, 80%, and 100%), these temperature-induced
response patterns were reflected as unique voltage
variations across the sensor.

To extract meaningful information from these patterns,
seven distinct features were derived from each of the three
response phases—rise, steady, and fall—observed during
the sensor’s interaction with vinegar vapors. These
features were subsequently analyzed using the k-Nearest
Neighbors (k-NN) algorithm for classification. To ensure
a robust evaluation of the classifier's performance, k-fold
cross-validation was employed, providing a reliable
framework for assessing the model's accuracy.

3- Results and discussion

Controlled temperature variations enhance the sensor's
sensitivity and selectivity, enabling precise detection of
different purity levels in vinegar samples. These
temperature-induced responses yield distinct and reliable
signal profiles for various impurities. The proposed
algorithm, with an accuracy of 86% in identifying vinegar
purity, demonstrates strong potential for integration into
automated detection systems. This approach offers a cost-
effective and efficient solution for quality control in the
food and beverage industry.

4- Conclusion

In this study, a vinegar purity detection system was
developed using the cost-effective and readily available
MQ2 sensor, which employs tin oxide (SnO:) for gas
detection. Although traditionally used for detecting
flammable gases, the MQ2 sensor was repurposed in this
research to assess vinegar purity levels. By applying the k-
nearest neighbors (k-NN) algorithm, the system achieved
a satisfactory classification accuracy, effectively
distinguishing between various purity levels based on the
sensor's response. The integration of the MQ2 sensor with
the k-NN algorithm offers a practical, low-cost solution for
real-time quality assessment, making it particularly
suitable for resource-limited settings and small-scale
quality control applications.
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