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Abstract

As a key link to determine the quality of flue-cured tobacco production, the adjustment of roasting
parameters depends on the accurate evaluation of the state of tobacco curing. In the production practice,
according to the change degree of curing state, the curing state of tobacco leaves is generally divided into
early yellowing, late yellowing, early fixed color, late fixed color and dry gluten stage. At present, the curing
state of tobacco leaves still depends on the subjective judgment of workers, and it is easy to appear the
phenomenon of process mismatch, which will affect the processing quality of tobacco leaves. Therefore, it is
necessary to find a technical means to quickly detect the curing state of tobacco leaves and provide technical
support for the intelligent control of tobacco leaves. GC-MS analysis showed that there were differences in
the gas components of the curing barn under different curing conditions. The electronic nose was used to
obtain the change signal of the gas components of the curing barn, which could realize the discrimination of
the curing state of tobacco leaves. In this study, electronic nose technology combined with machine learning
and deep learning algorithm was proposed to identify the curing state of tobacco leaves in dense curing rooms,
in order to achieve rapid and accurate identification of tobacco curing state. Firstly, an electronic nose device
for tobacco curing state detection in dense curing room was developed, and the air chamber was improved
according to the structure characteristics of human nasal cavity. Then, the device is used to collect tobacco
leaf information under different baking states, and a machine learning model based on time-frequency
features and a deep learning model based on attention mechanism are constructed respectively, and the best
tobacco leaf baking state detection model is selected. Finally, Matlab App Designer is used to develop the
detection software combined with the optimal model, and its performance is verified. The main research
contents include:

(1) An electronic nose device for detecting the curing state of tobacco leaves in bulk curing barn was
designed and developed. The overall design scheme and main workflow of the electronic nose device for
detecting the tobacco curing stage of the bulk curing barn were determined, and the key modules of the
electronic nose device were designed and selected according to the detection requirements. It mainly includes
the selection of gas sensor, the design of bionic gas chamber, the design and selection of detection gas path,
and the design of main control module and circuit. At the same time, the device is built according to the
design requirements, and the main control program is developed to realize the collection and preservation of
electronic nose information.

(2) Based on factor test and fluid simulation technology, the parameters of bionic gas chamber are
optimized. Taking the bionic air chamber as the research object, combined with the single factor test, the air

chamber parameters that affect the change of the flow velocity on the surface of the sensor are selected,
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namely the sensor surface clearance, inlet flow, inlet clearance, outlet clearance and diversion curve. Then,
the orthogonal test L16 (4°) with five factors and four levels was designed, and the range analysis was carried
out with the maximum flow rate of the sensor surface as the goal. The optimal combination scheme of the
gas chamber parameters was determined as the sensor surface gap of 3 mm, the inlet flow rate of 2.5 L/min,
the inlet gap of 3 mm, the outlet gap of 5 mm, and the diversion curve was a quadratic curve.

(3) Based on machine learning combined with feature engineering, the effect of electronic nose in
detecting tobacco curing stage was verified. The electronic nose device was used to collect the odor
information of tobacco leaves under different curing stages, and the signal analysis and time-frequency
feature extraction were carried out after baseline correction. DT-RFE, PCA, PSO and other feature dimension
reduction methods were used to reduce the dimension of features, and SHAP was used to explain the
importance of features. Combined with machine learning methods, a tobacco curing stage detection model
was established. The DT-RFE-RF model was obtained by comparison and selection, and then the time domain
and frequency domain features were fused. Compared with the original fusion features, the accuracy of the
model test set was 94.44%, which proved that the electronic nose technology was feasible to detect the
tobacco curing stage.

(4) The detection model of tobacco curing stage was established by using deep learning method
combined with attention mechanism. Firstly, based on the preprocessed electronic nose data, a variety of deep
learning models for detecting the curing stage of tobacco leaves were established. Through comparison and
selection, the IDCNN-GRU model was selected, and the accuracy of the test set was 90.74%. The DCDPA
attention mechanism is further introduced to improve the IDCNN-GRU model. Compared with the self-
attention mechanism and the original model, the IDCNN-GRU-DCDPA model has the best effect. The
accuracy rate of the test set is 96.30%, the precision rate is 96.53%, the recall rate is 96.35%, and the F1-
score is 96.39%.

(5) Tobacco curing stage detection software development. Based on the detection model of tobacco
curing stage optimized in (4), the development and verification of the detection software of tobacco curing
stage in bulk curing barn were carried out. Relying on the development tools Matlab and Matlab App
Designer to complete the development and graphical design of the detection software. It mainly includes
electronic nose data reading, data preprocessing, feature extraction, feature dimension reduction, model call
and detection. Through the test sample data, the function of each module of the software function is tested
and its detection performance is tested. The test results show that the accuracy of the deep learning model for
the detection of tobacco leaf curing stage is 92.00%.

Key words: Nondestructive detection; Electronic nose; Tobacco; Curing state
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