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Cross-scale Multi-objective Optimization of Cotton Stalk Pulling Machine
via Integrated DEM and Physics-informed Neural Networks
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(1. College of Mechanical and Electrical Engineering, Xinjiang Agricultural University, Urumqi 830052, China
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Abstract: Aiming to address the challenge of high-fidelity modeling and rapid parameter optimization for
machine — crop — soil coupling systems under small-sample conditions, taking the cotton stalk pulling
device as an example, a cross-scale multi-objective optimization framework that integrated the discrete
element method (DEM) with physics-informed neural networks ( PINN) was proposed. The framework
consisted of DEM-based microscale modeling, mechanical relation extraction, PINN physical-constraint
embedding, and NSGA — [l optimization. Firstly, a composite “rubber roller — cotton stalk — soil” DEM
model was established, from which the stick — slip — separation contact mechanism was extracted. The
geometric indentation and equivalent contact stiffness were merged into an identifiable parameter and
incorporated into the PINN as a primary physical constraint to ensure physical consistency. Subsequently,
with stalk breakage rate and miss-pulling rate as dual objectives, NSGA — [l was employed to compute the
Pareto front within engineering feasibility bounds and supported by sensitivity analysis, and the knee point
was selected as the optimal operating condition. Results showed that the proposed framework reduced the
computational cost per case from approximately 8 h by using DEM to 2 s by using PINN forward inference,
achieving a validation R> = 0.95 and improving prediction accuracy by 20% ~ 30% compared with
conventional neural-network surrogates. The optimal operating condition corresponded to a breakage rate
of 8% and a miss-pulling rate of 7% , with a field-test deviation of less than 2% . Overall, the proposed
DEM — PINN cross-scale framework maintained physical consistency while significantly reducing
optimization cost, demonstrating strong generalizability and transferability for soil — plant — machine
coupling systems.

Key words: discrete element method; physics-informed neural network; surrogate model; cotton stalk

pulling machine; cross-scale modeling
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Tab.1 DEM parameters

E3ii] S8 B fE kTS
B/ (kgom ) 1080
itk AR L 0.35 [21]
Y Y] B &/ Pa 6.9 x10°
— EIHEWE%%{ 0.5
- R 42 TR B 0.41 [21]
TR 3l R 1 R 5 0. 06
BRE/ (kgom ) 1 080
FARH A/ mm 8.0
AR B A%/ mm 3.0
AT A A WA B K/mm 250 [22]
NER =4 0.35
By YISt/ Pa 6.9 x10°
ll 48 K &2 7R 5L 0.5
M OFE AR R TR 0.41
R R VR Bl B R AL 0. 06 [22]
R % PN T BURS S5 RIE/(Nom ™3) 4,15 x10"°
PN T BURS 45 1% 43/ (Pa-m 7)) 5.60 x 10"
- mﬁngﬁ 0.314
R 0.625  [22-23]
PR s 0.15
W/ (kgom ) 1576
e AR L 0.38 [23-25]
YY) B &/ Pa 7.25 x10°
- Tl i % 52 7 4 0.4
+ -+ o
" R 42 TR B 0.8 [23-25]
TR 2l AR R 0.3
BRE/ (kgom ) 1380
B NER/N=a 0.48 [26 -28]
B YR 4/ Pa 1x10°
— m‘ﬂi%‘(g%%ﬁ( 0. 446
- R 452 DR K 1. 146 [29]
TR ) R IR 4L 0. 197
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Tab.2 Measurement results of cotton root

lifting force N
K X 45
¥ 5 1 2 3 4 5
1 532.7 575.5 552.3 581.7 590. 3
2 578.3 552.3 595.1 598.2 513.9
3 582.5 595.1 515.0 538.9 530.2
4 547.2 515.0 585.4 575.5 567.3
5 523.9 585.4 526. 1 541.7 589.2
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