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Fig.1 Schematic diagram of the silage harvester throwing
operation scenario
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Fig.4 Hardware wiring diagram of precise throwing and filling control system
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Note: From a top-down perspective, seven points P, P,, P;, P,, Ps, P, and P, are
set along the centerline of the two long sides of the frame in the material truck
compartment, distributed at equal distances from left to right (i.e. from the front
to the rear). These points are defined as the expected dropping position, and the
actual dropping position is the actual dropping position when the material thrown
from the conveyor falls into the upper edge plane of the compartment; d, is the
height of the material at the end of the first stage of filling, and d, is the height of
the material at the completion of the second stage of filling.
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Fig.5 Schematic diagram of the material status inside the carriage
after filling is completed
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Note: Define the position of the midpoint N(u,, v,) at the upper edge of the
material flow identification frame as the actual material drop position under the
pixel coordinate system; C,(u., V), Cy(u, V) are the coordinates of the
vertices at the upper-left corner and upper-right corner of the identified
compartment frame under the pixel coordinate system, respectively; W, (u,,;, V,1)~
W, (u,, v,,) are the coordinates of the vertex position of the upper-left corner
and upper-right corner of the material border in the compartment identified in the
pixel coordinate system; d, is the distance between the desired drop position
P\ (up), vp) and the actual drop position point along the compartment midline mn,
mm; d, is the distance between the desired drop position P(up,, vp) and the
actual drop position point N perpendicular to the compartment midline mn
direction , mm; d, is the distance between point C,, W, in the direction
perpendicular to the carriage centerline mn, mm.
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Fig.7 Precise throwing control logic diagram
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Table 2 Comparison of the reality of the carriage under different
rotation angles

Table 1 Identification results of carriage and materials
e 3 5 ,
wE s oemEEs SRR g g
Project Test number Average recall/% (i ‘571) Recall/% Precision/%
CEJ-FE 98 96.3 19 97.6 95.8
arriage
WRLAL
Material stream 86 87.5 16 86.2 90.5
2PV 83 95.6 21 96.9 95.3

In-car materials

Jie i /1 Rotation angle /(°) YOLOVS R-YOLOVS5
0 0.970 0.983
15 0.615 0.980
30 0.480 0.980
45 0.444 0.974
60 0.470 0.981
75 0.613 0.984
90 0.965 0.991

AR IS A NI UK. ARy AN TR VR N AR TRGR
AR EL A LEK/ANF 3.5 my >3.5 ~5.5 m.
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Table 3  Test results for different carriages

€% £ Rotation  ZE7H WM o0 TH E Test BEE

angle/(°) Model Accuracy/%  speed/ (i-s')  Confidence/ %

] 100.0 10.34 0.99

0~30 KA 97.5 13.63 0.99

/N 100.0 11.40 1.00

it 95.2 12.52 0.98

>30 ~60 KA 93.0 13.43 0.96

IR 94.5 11.00 0.88

L] 86.9 12.38 0.89

>60 ~90 KA 79.6 12.65 0.71

/N 89.6 13.42 0.98
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Fig.10 Material testing results at different spraying speeds and spraying angles
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Design and experiment of the precise throwing system for silage machines
based on rotating target detection

YOU Yong!, LI Fangxu', JI Zhongliang? , SUN Yuling® , MA Pengbo' , LU Qigi',
WANG Haiyi* , WANG Decheng'*

(1. College of Engineering, China Agricultural University, Beijing 100083, China; 2. Shandong Wuzheng Takakita Stockbreeding
Machinery Co., Ltd., Rizhao 276800, China)

Abstract: When the silage harvester operates in the field, the filling and throwing system has a great influence on the
efficiency of the silage harvester. Aiming at the feeding process of silage harvester, this study designs a precise throwing
system for silage machine based on rotating target detection in order to realize the adaptive throwing of silage crumbs to the
wagon compartment. In this study, a filling rule is proposed through the definition of ideal drop point and actual drop point. At
the same time, an improved YOLOVS5s (Rotation-YOLOv5, R-YOLOVS) was proposed to further realize the accurate detection
of rotating targets using machine vision. The feedback of the target and the actual falling point were then calculated to control
the movement of the throwing cylinder. The self-adaptive control was achieved in the throwing cylinder using R-YOLOVS. The
network structure of the baseline was also optimized to predict the rotating carriages. A new prediction channel of rotation
angle was then added to the Head part of the original YOLOVS. The virtual environment was built using Python3.9. Pytorch1.6
was chosen to train the R-YOLOVS rotating target detection model on the Pytorch deep learning framework. Once the number
of training rounds reached 60, the mAP values were all stable at 0.97, indicating a stable system. The improved R-YOLOVS5
was recognized as a rectangle with a rotation angle. The recognition range was synchronized with the angle of the carriages.
The training data was highly compatible with the carriages for better recognition. In addition, the throwing control was set
under the distance between the actual and target drop position. A rotating carriage identification and a field test were carried out
to develop the control flow. The test results show that the improved R-YOLOvVS was better performed on the rotating
compartments at different rotating angles with an average of more than 97% before, indicating better detection; When the
projectile barrel was rotated in the range of -60°-60°, angular velocity was less than 15°/s. The average accuracy of R-YOLOvS
target detection was higher than 90%; better recognition was achieved in the high accuracy of the actual drop position output,
where more material was outflowed in unit time. The material outflow of the throwing cylinder in unit time was mainly related
to the cutter's rotational and harvesting walking speed in the silage harvester. The correct rate of 85% or more was obtained to
fully meet the harvesting requirements at the cutter rotational speed of 1 200 r/min, forward speed of 6 km/h, and the amount of
material out of the unit between the IV level or more; The visual information was inputted by Arduino controller along with R-
YOLOVS. The motion of the throwing cylinder was realized with 0.533 cm/pt, as the ratio of the actual distance to the image
pixels. The average error between the theoretical and actual motion trajectory of the throwing cylinder was kept within 4%,
which fully met the design requirements. The finding can provide a strong reference to develop the adaptive throwing-filling
system in the self-propelled silage harvester.

Keywords: machine vision; R-YOLOVS; silage harvester; automatic delivery; rotating object detection
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