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Fig.1 Field crop phenotype detection platform
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Table 1 Main structural parameters of the platform

BUH Value

240 Parameters

K X 98 X B /mm X mm X mm

Length X width X height

AR T &/ kg Overall mass 510
R RAT B / (km/h)

Maximum travel speed

/N AR /mm

Minimum turning radius

5 R A 0 A% B B B/ mm

Sensor lateral movement distance

& 8% 25 B Hb T 157 B/ mm

Height of sensor from ground

Sl §E 11 /h Endurance 6

1 700 X1 750X2 650

>3.6

<2 500

1 000

2 200
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Fig.2 Single wheel structure diagram
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Table 2 Motor parameters
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Parameters Driving motor  Steering motor
5 Model 130SM-20025B-Z 80SM-07530B-Z
WiE HLUE/V Rated voltage DC48 DC48
A L/ A Rated current 45 20
BUE % /kW Rated power 1500 750

U E e L/ e K i/ (r/ min)

Rated speed/maximum speed

B A e K HE /(N - m)

2 500/3 000 3.000/5 000

. 7.7/14.0 2.39/3.80
Rated torque/maximum torque
T
FBHU‘)HF#J](' 1065 165
Motor protection level
], 4 2 25 Y
FL AL 446 2% 55 4 P E
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mm
4.653 3340
4.500 3.006
14.000 2.672
3.500 —2.338
3.000 | 2004
2.500 1.670
2.000 ——1.335
1.500 1.001
1.000 0.667
0.500 0.331
0.000 0.000

A: BRIE & Total deformation; B: 285 W 28 Equivalent elastic strain; C: %% W /1 Equivalent stress.
B3 MRBHENREMETINZN

Fig.3 Analysis of the strain and force of the four-wheeled frame on the ground with full load
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A BRI Total deformation; B: 25 3 ME R 28 Equivalent elastic strain; C:Z5%4 0 77 Equivalent stress.
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Fig.4 Analysis of the strain and force of the three-wheeled frame on the ground with full load
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Fig.5 Control schematic diagram
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Fuzzy PID control algorithm principle diagram
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Fig.7 Schematic diagram of three movement modes
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Fig.9 Four-wheel collaborative exercise test results
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Table 3 Straight driving deviation rate test results

T4 75 i # / mm %% 2%/ % X0 i/ mm RS %/ %
Working condition Number Offset Offset rate Mean offset Average deviation rate

1 330 2.20 321.3 2.14
JK ML Concrete floor 5 315 210
3 319 2.13

1 389 2.59 385.0 2.57
H [H] Field 9 375 2.50
3 390 2.60
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Design and experiment of a platform for detecting phenotype of field crop

LU Shaozhi'* , YANG Meng' , YANG Wanneng'?,YE Junli', LT Weikun', SONG Peng'

1.National Key Laboratory of Crop Genetic Im provement , Huazhong Agricultural University ,
Wuhan 430070,China ;
2.College of Engineering  Huazhong Agricultural University sWuhan 430070,China

Abstract An independently driven and steered four-wheel platform for detecting phenotype of field
crop was designed to stably and effectively obtain phenotype information of field crop with high flexibil-
ity. It mainly consists of the walking system,the control system and the acquisition system of phenotype
information. Creo software is used to design the structure of the platform and perform finite element
simulation analysis under different working conditions of the main frame. A control system is developed
with Siemens 1200 series PLLC as the main controller to realize the platform’s in-situ steering, lateral
movement and Ackerman steering mode control. The four-wheel coordinated control method based on
fuzzy PID was used to realize the synchronous movement of four-wheel. This platform can load RGB
cameras,thermal infrared cameras, hyperspectral cameras and other sensors for phenotypic information
collection according to the requirements of detection,and form a mobile darkroom during the collection
process,effectively reduce the impact of the external environment on the effect of collecting phenotypic
information. The results of field test showed that a single uninterrupted operation was up to 6 hours un-
der full power. The results of four-wheel coordinated motion test showed that the maximum deviation
rate of the wheel speed was 1% ,and the average deviation rate of the platform driving straight on cement
ground and in the field was 2.14 % and 2.57 %, with good mobile stability. When RGB and thermal infra-
red cameras were loaded for the acquisition of crop phenotypic information, 120 breeding plots in field
were detected per hour. The RGB images of cotton under the non-dark room environment and the dark
room environment in different time periods were collected separately and the leaf area was extracted.
The results showed that the RGB images collected by the platform were more stable and reliable. The
results of collecting and analyzing RGB images, thermal infrared and hyperspectral images under the
dark room environment showed that the images collected by the platform had good quality and effective
information.

Keywords field crops; phenotypic information; phenotypic detection; mobile darkroom; fuzzy con-

trol; crop information collection; image acquisition; crop breeding
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