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1.Garlic seeds feeding channel 2.Camera 3.Camera bracket 4.Garlic bulbil
orientation adjustment mechanism 5.Servos for turning 6.Bracket 7.Tilting
frame 8.Reset springs 9.Y-type hopper [ 10.Servos for hopper opening
and closing 11.Y-type hopper I
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Fig.1 Structure diagram of garlic bulbil orientation
adjustment device
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b. Partial view of adjustment device
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c. Structural dimensions of
Y-type hopper
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a. EDEM
simulation model
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Note: a is the angle of the feeding channel, (°); R is the radius of the Y-hopper I,
mm; H is the height difference of the hopper, mm.
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Fig.2 EDEM simulation model and key structural parameters
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Table 1 Codes of test factors Table 2 Experiment design and results
Koy RABIEAE kA2 2k 2 RS REEME Y RESRER R HE
Levels Feeding channel angle ~ Hopper radius Hopper height Serial Feeding channel Y-hopper radius Hopper height ~ Upright rate
a/(°) R/mm difference H/mm No. angle X; X> difference X3 Y%
-1 60.0 10.0 10.0 1 1 ) 0 $6.0
0 70.0 13.0 15.0 2 1 -1 0 87.5
1 80.0 16.0 20.0 3 -1 1 0 84.0
4 1 1 0 86.0
RRBTERESERWE 2 frox, iEH Design Z 711 g :i g?‘z
Expert 11.1.2.0 #4 5Ar ik b AT 2 o RG24, 13 7 -1 0 1 95.0
FIELLH ¥ Ty : ! ° ! 70
Y =89.4+0.938X, -1.31X, +2.50.X; 10 0 1 -1 820
+0.125X, X, -0.75X, X, (D 1 0 1 ! 90.0
12 0 1 1 85.5
+2.24X] -5.76X; +1.61X; 13 0 0 0 89.5
o . 14 0 0 0 88.0
B 2 NMRZAEEAEH X B LR psgm & 3 pr 15 0 0 0 91.0
e HIE 3a AR, BERRARIE N, BEALERIETHE R 16 0 0 0 90.0
17 0 0 0 88.5

HI& 3b R, BEE N, EAL R WA NT . W
3c AIAL, BEFER—EN, RS KEN R,

X X X BN FERHISE

Note: X;+ X; and X3 represent the coding values of each factor
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Fig.3 Effects of all interactive factors on rate of uprightness
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Fig.4 Structure diagram of system hardware
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Table 3 List of specifications for Jetson Nano processor
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CPU
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Fig.5 Flow chart of control system
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Fig.6 Garlic detection and scale orientation recognition network structure
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Fig.7 Models training process curves

4 BRI

4.1 REMBEEE

NIGIEHE T Jetson Nano Ab ¥ 23 1 R i 25 5 1) 17 %
EBEAR, F 2020 4 11 AFE LA K 107
LIS EIFR T ARG . WIS R F [ P AR T AR
KM £ A8 RFr AREA, BENLEEL 200 K i 55
AT R

IR &N AT EMNIE T AL HAA TS Jetson
Nano W Rmif B E AR S, SHwE 8 fn, &
FEAFET LR, Jetson Nano. PCA9685 Hle. FifmE A\ iE
B PGSk Gk A BATEE . BNl RESE
FEEFEHLANGE 2E LSS . Hdr, PCA9685 IXzhfkith
AL N 40-1000 Hz, JEIEFCN 16, HEN DC 5-10
Vi REEA IMX219 IEOLE T, 800 W 73 R A
TR RIS £

b. L%t SAbE g
b. Edge computing processor
LGB 258k 3300 4Rl SBEFRENN  6iu%
AR  TAEHUEHIS T 8RR 9B ITAAENL

1.Garlic seed feeding channels 2.Camera 3.Bracket 4.Servos for turning
5.Garlic bulbil orientation adjustment mechanism 6. Edge computing processor
7.Servo control chip ~ 8.Power 9.Servos for hopper opening and closing
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Fig.8 Test platform of garlic bulbil orientation adjustment
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Table 4 Test results of garlic bulbil orientation identification and
adjustment
VRS BRI T RN

PR &

IIt)ﬁe;rEs Identification ~ Adjustment Model inference Adjustment
success rate/% success rate/% time/s time/s
2y ] b
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Design and experiments of garlic bulbil orientation adjustment device
using Jetson Nano processor

Li Yuhua'??, Liu Quancheng’, Li Tianhua*3, Wu Yangiang®*3, Niu Ziru*3, Hou Jialin**>*

(1. College of Mechanical and Electronic Engineering, Shandong Agricultural University, Tai’an 271018, China;
2. Shandong Provincial Engineering Laboratory of Agricultural Equipment Intelligence, Tai’an 271018, China;
3 Shandong Provincial Key Laboratory of Horticultural Machinery and Equipment, Tai’an 271018, China)

Abstract: Garlic cultivation is highly demanding for a single seed to maintain upright-directional sowing with the roots down
ward vertically. However, current adjustment devices for the direction of garlic cloves cannot be suitable for hybrid garlic
varieties. In this study, an intelligent adjustment device was designed for the direction of garlic clove using edge computing.
The device consisted of a feeding channel of garlic clove, a camera, a camera bracket, clove direction adjustment mechanism,
turning servo and brackets. The adjustment mechanism of clove direction was composed of flip frame, reset spring, hopper
opening and closing servo, Y-type hopper I and II. A dual convolution neural network (CNN) structure was adopted in the
control system, where a custom deep learning CNN was for garlic monitoring in real time, and a ResNet-18 network was for
the determination of garlic clove orientation. In monitoring, the garlic clove was distinguished from the background of images,
thereby determining whether the clove was fed to the adjustment. Areal-time detection of orientation was to keep the pointy
end of garlic clove facing upward, while the blunt end down into the soil. A suitable control strategy was provided to promptly
adjust the direction of garlic clove. Higher identification accuracy and real-time performance were achieved in two different
networks for separate detection and orientation of garlic clove. The specific procedure of orientation adjustment was as follows.
An image processing was performed to determine whether the garlic clove entered the Y-shaped hopper from the feeding
channel. Once the garlic clove was detected to be in the hopper, an image was real-time captured by the camera. The captured
image was processed immediately through the deep learning network of detection and orientation. When the scales (blunt
end)of garlic cloves were facing upward, the opening and closing servos of a hopper rotated at a certain angle to open the
lower end of Y-type hopper I and II. As such, the garlic clove fell directly into the inserting with the scales facing upward. If
the scales of garlic cloves were facing downward, the turning servos and adjusting mechanism individually rotated 180°, to
accurately tailor the orientation of scales when the garlic clove was sliding down the guide slot of Y-type hopper I. Both
theoretical and empirical data demonstrated that the structural parameters of the adjusting mechanism greatly dominated the
success rate of the adjusted scale bud. A discrete element method (DEM) was performed on a commercial software EDEM to
simulate the working effect of the adjusting mechanism. An orthogonal test was also utilized to optimize the key parameters of
adjusting mechanism. An optimal combination of parameters was obtained, where the inclination angle of the garlic clove was
80° in the feeding channel, the radius of the Y-shaped hopper was 12.49 mm, and the height difference of the hopper was
20 mm. Finallya bench test was carried out to verify the direction adjustment of garlic cloves. In scale bud, the success rate of
identification was 97.25%, and the success rate of adjustment was 96.25%, where the success rate of adjustment was slightly
lower than that of recognition. The reason was that the correctly identified garlic turned over unexpectedly when falling, due to
the irregular center of gravity in a single seed. The mean inference time of the model was 0.045 s, indicating a small proportion
of adjustment time for the scale bud. The average adjustment time was 0.785 s, where the mean value was 0.59 s when the
garlic cloves were facing up and 0.98 s when facing down. There was a relatively large difference in the adjustment time when
the garlic buds were faced up and down. This difference came into being because there was inconsistent movement stroke of
the adjustment mechanism in two cases, particularly where the rotation speed of the drive motor was the same when the scale
buds were facing down. Consequently, the adjustment time of scale buds facing up was shorter than that of the roots down
ward vertically in garlic planting.
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