110

FOOD & MACHINERY

DOIL:10.13652/.spjx.1003.5788.2023.80443

FAOBEIH BE 2698 | 2024 FE3 B | ARREVM

[X# %5 ] 1003-5788(2024)03-0110-10

ETHlas sl =8 A B 3hill B 51 %% B

Robot’s automatic strategy for fermented grains scooping

based on machine vision
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Abstract: Objective: To solve the problems of low level of
automation and high labor intensity of workers in the fermented
grains discharging process of solid-state fermentation in the
ground-pot. Methods: An automatic fermented grains scooping
strategy for the compound robot for fermented grains scooping
was proposed. Based on the pre-processing of the ground-pot
image and the reconstruction of the point cloud inside the inner
edge, the point cloud segmentation algorithm was used to extract
the point cloud of fermented grains. The scooping plane was

constructed. The safe working distance for scooping was solved.
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Preset scooping points were set. Afterwards, the scooping
amount of the preset scooping point was evaluated by the pixel
surface element voxel algorithm, to select the optimal scooping
point. Results: The method of planning the scooping point based
on the safe working distance is reasonable, which ensures that
the bucket does not collide with the ground-pot wall while
scooping fermented grains from the wall at different depths of the
scooping plane. The strategy can effectively reduce the number of
robot scooping, thereby improving the efficiency of fermented
grains scooping. Conclusion: The strategy can effectively guide
the compound robot to realize the automatic and intelligent
fermented grains discharging.
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robot; automatic scooping; machine vision; scooping amount
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Figure 1 Compound robot for fermented grains scooping
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Figure 2 Canny edge detection results of

ground-pot image
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Figure 4 Point cloud inside the inner edge
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Figure 5 Point cloud divergence segmentation

experiments
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Figure 6 Histogram statistics results
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Figure 7 The frustum of a cone structure of ground-pot
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Figure 8 Collision between bucket and

ground-pot bottom
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Figure 11  Scooping direction setting
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Figure 12 Collision between scooping device and

ground-pot wall
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Figure 13 Ideal scooping space
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Figure 14 Ideal scooping spatial coordinate system
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Figure 16 Front curve of bucket
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Table 1 Bucket size parameters
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Table 2 Test results of scooping point planning method

based on safe working distance
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B di¢/mm & ri/mm B e,/mm BERR B d 1 /mm

1 356.00 341.18 5.76 10.20

1 456.00 332.37 —3.05 18.98
556.00 323.56 —11.86 27.74

1 656.00 314.75 —20.67 36.07

1 756.00 305.94 —29.48 41.23

1 856.00 297.13 —38.29 42.66

1 956.00 288.32 —47.10 40,48

2 056.00 279.51 —55.91 34.73
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BB 4 A BIBIBOR FL
6.2 B BhiEE R RN

T 52 900 3004 b &5 10 [0 97 % 2 THD 8 B8 R A 224 DR a2
TREE Al BBORE P 1T, 35 T T8 BOR 2, HL AR AN & T
JPORE AR UIBURE T 1150 X O 7 — B Ay 109 1% 0 A I
R RIZ R B2 5 SCIBORE - TaT 8 47 IO, i B X 38 179 7
R A7 3 B 5 R AR T B A B R T AR AR E
. I, B i B LR R T S B R IR

HEGSE ETIRARBVE A B 3 EEL H &R

X [R] g 2 BEORL - T o[BS, I 5 7 T ek A2 A8 A1, O F- T
A BB BOR S BRI A A AR ARE A X
BB, X BT A 1 BORE S5 R BBORE T 8 B R AR
I EES T

S IR B0 B TSR WY R A A 58 B LA
XA EAE BT PR H AN R WA R AT R
Y ge . FR TR T B A 2 T e A R
mF3I~F5Fin., AP, KE Jd, M 252 mm.m, A
10 mm. 2, 4 343.64 mm .z, 8 110 mm , N k47 % kb ik

*3 RABZBEEHEREAME 1 AT
Table 3 Scooping experiment of ground-pot NO.1 with automatic fermented grains scooping strategy
Bk el T BOR 1 o1 OB} £ 2 T BOR A3 TR OB 4 2 BRAE I
WAGHRAR Vi /dm®  IPAEHERR Ve /dm?®  TPAHEAR Vs /dm®  PEAFEAR Vi /dm®  Jfide M/kg
1 40.35 43.28 45.27 44.67 10.30
2 41.56 39.35 41.73 48.68 11.37
3 40.23 44.39 41.95 45.00 10.01
4 46.30 40.50 38.20 43.91 10.21
5 46.85 43.79 38.94 39.05 10.36
6 41.64 38.37 45.38 38.11 10.09
7 48.63 45.01 40.61 45.14 11.49
8 47.01 48.10 47.00 47.04 11.19
9 45.49 47.04 44,13 42.34 10.82
10 47.99 41.75 48.44 43.72 11.87
11 48.54 46.28 46.32 44.42 11.19
12 46.37 44.11 38.25 39.85 10.22
13 45.41 48.26 44.54 48.16 11.10
14 42.30 41.01 44.96 47.91 10.89
15 43.48 38.93 46.37 40.00 10.25
x4 RABZBEEHEREAME 2 ALKE
Table 4 Scooping experiment of ground-pot NO.2 with automatic fermented grains scooping strategy
- T BORE 1 o1 OB £ 2 T BORE A3 T OB 4 2 BR 4z
WAEIEAR Vi /dm®  WEEEAR Vi /dm® PPAEAR Vi /dm®  PRAHEAR Vi /dm® i M /kg
1 42.72 43.53 44.37 39.99 10.12
2 41.11 48.05 45.61 38.10 11.35
3 39.59 47.05 47.21 48.15 11.68
4 39.92 42.41 45.91 48.83 11.62
) 42.23 43.56 38.23 43.18 10.03
6 47.72 46.70 48.13 41.84 11.55
7 40.75 40.38 39.05 41.24 9.92
8 47.77 39.71 40.51 42.89 10.63
9 48.87 41.29 45.59 42.34 11.24
10 45.38 45.67 48.19 44,22 11.39
11 46.28 44.94 43.23 39.36 10.68
12 45.28 48.03 38.58 38.41 11.26
13 42.44 38.77 44.81 48.69 11.12
14 38.24 46.45 41.03 46.37 10.27
15 41.22 40.87 42.00 47.18 10.59
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x5 ARXRABINEEHIREHME 3 BURHAR
Table 5 Scooping experiment of ground-pot NO. 3
without automatic fermented grains
scooping strategy
) S PRAZ ) SEBRAE I
JiiE M/kg it M /kg
1 9.13 11 8.02
2 9.21 12 10.02
3 9.06 13 9.10
4 8.83 14 9.47
5 9.39 15 8.46
6 8.87 16 8.06
7 9.02 17 8.97
8 9.13 18 8.56
9 8.92 19 8.12
10 8.27

5,32 5 LS AAEML KR F @ 89 B O W 4 T A
U TURE AT AR IR IBURL . B35 R F HL - 5 R X6 S R 42 B
M REICSE. NIRRT g AT = R E R
Sy ST TR SR e e N A il N P ) [ i
(G2

SYMEEE 3~ 5 NI, 78 R R LA T LT
1% BURE A L% AR B2 /Y 3h T % S G o o ok AT I
% R R L T T A BBURE YR B0 S 2 T R SR R S A OB Y B
AR TR ELACR WA TR L. B E R
HH T 5 e T A ALHR SIS UL B A LA N B S S
PR, RE 55 W 2 Hh BT [ 2 & W 4 1) BT 3R Y AR L
78w
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