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Abstract

As one of the main pepper-producing regions in China, Xinjiang has basically achieved mechanized
harvesting. However, with intelligence as a new development trend, the intelligence level of pepper
harvesting equipment needs to be improved. Among them, the accurate identification of the load on the
spring-tooth drum is a key bottleneck for intelligent harvesting. Load fluctuations of the spring-tooth drum
will directly lead to a decrease in pepper harvesting cleanliness, an increase in damage rate, and even
equipment failures such as spring-tooth deformation. Therefore, achieving accurate load monitoring is of
great engineering significance for improving pepper harvesting quality and efficiency, as well as reducing
production costs. Taking the spring-tooth drum of a pepper harvester test bench as the research object, this
thesis carries out a load monitoring study on the spring-tooth drum by integrating vibration and torque dual
signals, combined with experimental exploration and model establishment.

Firstly, pepper harvesting experiments using the spring-tooth drum of the pepper harvester were
designed and conducted, and a vibration and torque signal detection system was built. With drum speed and
forward speed as input parameters, the suitable parameter ranges were determined through the single-factor
variable method. Then, a CCD central experiment was adopted to analyze the multi-factor interaction, and
the optimal operating parameters were accurately obtained: a forward speed of 0.42 m/s and a drum speed
of 150 r/min. Based on the optimal parameters, the correlation between feeding rate and harvesting
indicators was explored. The load was classified according to different feeding rates, and it was clarified
that the optimal harvesting indicators could be achieved under normal load conditions, laying an
experimental foundation and classification basis for load identification.

Secondly, filtering preprocessing was performed on the vibration and torque signals corresponding to
four load states. Based on the coupling and chaotic characteristics of the dual signals, the Lorenz system
and the Rossler system were introduced, and a six-dimensional Lorenz-Rossler coupled dynamic model
was constructed through cross-feedback coupling terms. A two-step method combining global search by
genetic algorithm and local optimization by Gauss-Newton method was designed to estimate model
parameters, realizing an accurate characterization of the dynamic characteristics of the spring-tooth drum
harvesting system. Inversion verification showed that the model can effectively reproduce the dynamic
variation laws of the dual signals.

Thirdly, the chaotic characteristics of the coupled dynamic model were mined, and the Lyapunov

exponent was taken as the core characteristic quantity representing load changes. The experimental data of



different measured loads were discretized at equal time intervals and phase space reconstruction was
completed. The Lyapunov exponent was calculated using the Jacobian method. Analysis revealed that the
exponent presents a clearly bounded interval distribution under different loads, which can effectively
distinguish various load states. Based on this, a load identification method based on the fusion of vibration
and torque dual signals was proposed, and a "one-vs-rest" multi-class SVM classifier was constructed. Case
verification and algorithm comparison showed that this method requires less data volume and achieves
higher recognition accuracy under small-sample conditions.

Finally, engineering verification of the load identification model was completed. A lightweight
software and hardware monitoring system was built based on Raspberry Pi 4B, and a visual software
platform integrating real-time signal acquisition, feature calculation, load identification and data storage
was developed. A bench verification experiment was carried out on the pepper harvester test bench, and the
application of this monitoring research was clarified. The results show that the overall accuracy of the
proposed method for spring-tooth drum load identification reaches 92%.

In summary, the load identification method for the spring-tooth drum of pepper harvesters based on
dual-signal fusion constructed in this thesis breaks through the limitations of traditional single-signal
monitoring and feature-level splicing, realizes the monitoring, identification and application of spring-tooth
drum load, and has certain practicability. It also provides a new idea for condition monitoring of rotating
components in agricultural machinery.

Key words:Tine roller; Genetic Algorithm; Load identification; Chaotic characteristics; Dual signal fusion
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