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Abstract

As a critical piece of equipment in the Xinjiang cotton industry, the ergonomic design of the
cotton picker cab directly affects the operator’s working comfort and occupational health. In response
to the engineering challenges posed by the lack of dedicated design standards for domestically
manufactured cotton picker cabs and the anthropometric mismatches in imported models — which
contribute to upper limb muscle fatigue and work-related musculoskeletal disorders during
high-intensity, prolonged operations — this study systematically investigates the ergonomic
optimization of cotton picker cabs through an integrated application of ergonomics theory,
biomechanical simulation, surface electromyography experiments, and intelligent optimization

algorithms. The main research work is as follows:

(1)Analysis of factors influencing cab comfort and construction of an experimental platform. By
comparing domestic and international key dimensions of the human body in seated postures, this study
reveals the underlying causes of Chinese drivers’ susceptibility to shoulder, neck, and elbow muscle
fatigue. Through questionnaire surveys and regression analysis (R?=0.68, p < 0.05), it validates that
the layout of the control lever, steering wheel, and seat are key design factors affecting upper limb
comfort. A cotton picker cab experimental platform was established to define the range of adjustable
parameters and the data collection protocol, laying the hardware foundation for subsequent research.

(2)Biomechanical Analysis of Driving Comfort Based on sEMG Experiments and AnyBody
Simulation. Ten male subjects meeting the 50th percentile anthropometric criteria were recruited to
complete maximum voluntary contraction (MVC) calibration and sEMG signal acquisition for the
tested muscles. Through preliminary experiments, the deltoid, biceps brachii, and flexor carpi radialis
of the left upper limb, along with the deltoid and biceps brachii of the right upper limb, were selected
as the core muscles for analysis. A biomechanical coupling model of the cotton picker operator and
cab was constructed using AnyBody software, and the model validity was verified by comparing
simulated muscle forces with measured SEMG data (ICC = 0.695). Based on the validated model,
single-factor simulation analysis was conducted to reveal the effects of key layout parameters of the
steering wheel and control lever on upper limb muscle activation.

(3)Optimization of Upper Limb Muscle Load Under Different Control Device Layout Parameters.
A quadratic regression model for the comprehensive muscle activation of the left and right upper limbs
was constructed using the Box-Behnken design, achieving high fitting accuracy (R? left = 0.9965, R?
_right = 0.9742). Analysis of variance indicated that individual factors and their interactions were

significant. The optimal parameter combination derived from the model was as follows: steering wheel



inclination 8 = 32°, forward/backward distance L1 = 426 mm, height H1 = 741 mm; control lever
forward/backward distance L2 = 322 mm, height H2 = 760 mm, horizontal distance M = 389 mm.
Contribution analysis clarified the priorities for parameter optimization (left upper limb: L1 > 6 > H1;
right upper limb: L2 > M > H2). Subjective evaluations using the Likert scale and paired t-tests (p >
0.05) verified good consistency between the optimized parameters and the drivers’ subjective comfort
ratings.

(4)Optimization of Upper Limb Muscle Load at Different Joint Angles. Using upper-limb joint
angles obtained from motion-capture experiments as inputs, a muscle activation prediction model based
on Random Forest (RF) was established. Compared with Ridge, GBR, XGBoost, and other models, the
RF model showed the best performance (R*=0.82, RMSE = 0.006). To address the tendency of the basic
Dung Beetle Optimizer (DBO) to fall into local optima and its insufficient convergence accuracy, a
multi-strategy chaotic search and an inspiration-based innovation strategy were introduced, and an
improved IDBO algorithm was proposed. Its superiority in convergence accuracy and robustness was
validated using 23 benchmark functions and the CEC2022 test suite. By integrating the RF prediction
model with the IDBO optimization algorithm, the optimal joint angle combination was solved with the
objective of minimizing muscle activation. After optimization, the driver’s maximum muscle activation
decreased by an average of 14.2%, effectively reducing upper-limb muscle load.

Key words: Cotton Picker Cabin; Driving Comfort; Anybody; Surface Electromyography Signals;

Joint Angle Optimization
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