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1.1 BA=ZEMESRBRZE

Pi 2RI K H BBEY, MOy RE E B
Fb AR A 5 R B ZE AT . AR MR 2. AN [ X F
CEPEPE R B 2 A AN, G ]ORN s R T,
SR A [ b 7 H X[ T S A R R 1 58 DA N
800 mm, 1T D, N 400 mm, ZE& H A 200 mm.

PO 22 A0SR, BR T 7% 6] 7 2= FE AR K 1 Al 24
FEREAT R AL, AR A 5 7 AR 7 22 48 B AN [ 1)
KWhrdE. FHHT L] DA, WAERERZEL N
180~200 mm, ZEFFLREKELN 50 mm; A H T F 4,
MIAEER B AR LN 140~ 170 mm, ZEFFREEKJE RN 60~
100 mm™>, A SCEHE IR 1 PG 24 AT R L
BRI EE, R L IE AR R K E LN 80 mm.
1.2 WZTEESYHE

FRAASA I P 22 AR AR AR BR . ZEFF . IR FIAR
PR, FLAEBRAE R Mk L B, AR BRER T S AN
AR, VURMIEI NG, SFr, M RIRGEE. MR,
FEMAM RSN, FEER TG R0k b oK B 6 B4 52
Wi o Sy 7 AEATF ) D 1 22 A B M SRS & 8 T ()
Bk, F 2022 45 10 H 31 HIEAL BT P4 X 2R m A £ G
ZAEFE X S R T T SEM T S AR RO =
T RRAMERFERE . T8 77218 GB/T 5262-2008 (&
MU 356 250 e 7 VR — e ) HEAT, DR
FENER. BRAEARR, WESHEWE 1R,

SR FH 9 A FH ) Bl ATLIE R 100 B 28U 16 75 2= 18
FERR, JEISXEEREAR d EERIEFE o AEEK R HE 80 mm

XA ZEFT BAT dyn Wi KBS FE by FNTERR IS 5 28
TR RE by AT S0, SREUA PG 22 AEAE AR TR SRR S 5
1R R4, R TIRIG =R M RHE ESHL
FIH BT RERIE ML (145 INSTRON 2 519-104, f K
AT 500N, FEFE 0.000 01 ND X P4 22 18 2L FT HEAT Wy A
PEEZE R, S22 HER MR, RS2
PEREE E N 1101.468 MPa, VY% p N 0.993 g/em’,
TARAEE 1 M 0.326

Ee dy HAEEREAR, mm: CATEIRERE, mm; d, ATEER T 80 mm X%,
B, mm; by M T ECOKE LSS, mm; h, JyAEERTIGHS ST =
mm.

Note: d, is the diameter of the flower ball, mm; ¢ is the thickness of the flower
ball, mm; d, is the stalk diameter in the 80 mm area below the flower ball, mm;
h, is the maximum ground clearance of the leaf, mm; £, is the height from the
top of the flower ball to the ridge surface, mm.

A1 2R SN E S
Fig.1 Measurement parameters of broccoli plant morphology
x1 AZREHRESHESH
Table 1 Morphological characteristic parameters of
broccoli plants

ZH e B
Parameter Range Mean value
e EAR
Flower ball diameter d,/mm 153.5~225.3 182.1
TRERIE AL .
Flower ball thickness #/mm 72.3~123.0 91.2
E Y ARERES
Stalk diameter d,/mm 39.7~46.1 45.1
P
Leaf height /,/mm 693.3~824.6 7534
fErk 276.5~332.2 3013

Flower ball height 4,/ mm
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a. Selective harvesting platform
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c. Identify cutting device

LIRB) 45 2. 4 e 22 3 3. 72 28 40 H AL 5. 81 et 6 R BI DI 14 B 7.8
e 8 MMM 9. ikl 105k 11U 12 BRGSO 2R 13 481 R4t
14. B AZBEFE 1502 16,0 4T 1748 FT 180K 19,52 ALK 20. 7+ BEALAY 21.
MU G 22Kk 238 LI FINLA

1. Drive wheels 2. Wheel mounting axle 3. Frame 4. Binocular camera 5.
Lithium battery 6. Identify cutting devices 7. Crossbeam 8. Trigger mechanism
9. Conveyor trough 10. Conveyor belt 11. Collection box 12. Collection box
support frame 13. Control system 14. Return spring 15. Sliding sleeve 16.
Sliding rod 17. Rocker 18. Moving plate 19. Positioning mechanism 20. Lifting
mechanism 21. Visual system 22. Picking head 23. Centering cutting mechanism

A2 B\ERSEERRELFEEHTER
Fig.2 Schematic diagram of the structure of the selective
harvesting platform for broccoli

b. SR T AL

b. Side view of harvesting platform

®2 AZHERMERBELFEETERRSY
Table 2 Main technical parameters of the selective harvesting
platform for broccoli

BARZSH il

Technical parameter Values

PR (KexFExm)
Overall dimension (Length x Width x Height)/mm
HA IR CRx B8 x)

1 100x900x1 200

Picking head dimension(Length x Width x Height)/mm 342x342x400
5E Lo YN FIH U AT A6 12 e o
Initial ground clearance of the centering cutting 800
mechanism/mm
fitHi HL IR Supply voltage/V 48
4546 PE Wheel track width/mm 1300

AR HUATE TR Rated power of hub motor/W 450

I KIEH £ B Maximum climbing angle/(°) 15
fe /NS 4% Minimum turning radius/mm 0

{Eki% E Working speed/(mm-s ™) 0~500
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RGN T A AC AR AT G REF AL EE, RAR
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a. Wl b. KUk
a. Identify b. Harvest

B3 AR E T RETEH
Fig.3 Working principle diagram of identify cutting devices
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Fig.4 Harvesting operation process
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Fig.5 Schematic diagram of control system structure
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b. CMOSHIHL
b. CMOS camera

Be MEAATEH
Fig.6 Schematic diagram of visual system
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3.2 ELIEINA
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a. LED lamp
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c. Industrial lens
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b. AL

b. Binarization image

a. JALG B

a. Original image

c. I EIB

c. Filtered image

d. abErgs

d. Processing results

B7 AL ARERART
Fig.7 Visual system image processing process

LABNAENL 2. %8 Al 3.4 1 4 0128 5. 9850 6.1 )]
1. Electromechanical actuator 2. Gear pair 3. Gear ring 4. Rack 5. Drive arm 6.
Cutting knife

B8 M rER
Fig.8 Schematic diagram of the centering cutting mechanism
1EE LTIV B it & it IRshE R TILL S
ZH VYT ALAS 2H B ) 15 o B 2 A B X, SR DUAT AL
I — AR AL . & B 22 30 A% o Dyl O A
BN AAELE PR, 7622 2% N IE 2 39 i & /7 DA
RIEH R, TSI T8 77 LA BE YR . AT 22461 R
AR ZFTEASFHE N B2, SRS S8 1E 9a
fim. Hod, R=168mm. R,=151 mm. R;=150 mm.
R=125mm; BB ECHN 35 4, (n=1,2,....,5) B4
N R=155mm W& L B, n=1,2,....5) ¥ EF 12N
R=135mm WA b5 #IUEIRES C, (n=1,2,...,5) ¥ 1EF
9 R=135 mm WA L, HEIRE C (n=1,2,...,5) B4
122428 R=55 mm [ [E s 23)i0 5 & B,C, (n=1,2,...,
5) A1 ff 3 f1 0,=38°45 4 i B,C',, (n=1,2,....,5) [A] [ 3 Ff1
0,=28°,
PA—ZH B JIHLA B, T 2230 e O DI RN 1 TAE
JRE A 9b s . o, #IJ)sEZkArE 4,8,0,C, V)
FINMIVIGIRE, B E A4',B,0,C' NYIEINLI A

W& LU BB £ e, SRS 5 0 e R) i 48
A, SV Rs FTER RS &1 05 47, #63h,  BRi 245 8)
UREh R 5 E| TR AR R S C B IR S, 8] 55 C R85, %I
JIJI4R O IEFEIK S, M s 0, ¥ 8h. MEITITIR 0, 584
O A EEN, BB TIZH A, R RI 58 B g 22
TEZEFFROIENEL . ¥ 5 HF) TR IR E 52 757 W R 25
23, AMEME S HE| IS R, AT T R
RAEFVG 2 e Ekimnt; FEMEr 5 HE )RR, K
PO AR ZEAT U)W, FRORIEAEERA T . O UIRINLA 1
TAESFE W 10 Fros.

a. JUSF 24

a. Dimension parameters

b. AR
b. Working principle

e RONVESME AR, mm; R, NN E AL, mm: R ANLESME
P42, mms ROMUZEARBENAR, mms Ry NORSNE 5 U R ] R 48 SO e
B42, mm: Ry NEITISHLELE B STE R AR, mm: R, HHEIR
RS BRBNE HERT) (0) BEE SRR 2, mm: A4, (1=1,2,7.5) AWB)E
5 0B ) B s B, (n=1,2,7,5) N EN T S LR IR R G,
(n=1,2,.5) RIRIRA I KB 5B IS C, (i=1,2,7,5) W&
RAHT IRBNE S IR ERIE R 0,v 0, NIBFHTE &1 B,C, MIIIIS, (°);
O HEDYIEINM O E: O O, NEITITIRALE: A\ AR
IXZ) 5 4 P A B R AL S, VI HIIN DK 5 ) T [ R s IIE B
Putk: S, NUIRIRRIT) 10 IS B .

Note: R, is the radius of the outer gear ring, mm; R, is the radius of the inner gear
ring, mm; R; is the outer radius of the rack, mm; R, is the inner radius of the
rack, mm; Rj is the radius of the circle where the hinge point between the drive
arm and the gear ring is located, mm; R is the radius of the circle where the
hinge point between the cutting knife and the rack is located, mm; R; is the
radius of the circle where the hinge point between the drive arm and the cutting
knife is located in a closed state, mm; 4, (n=1,2,...,5) is the hinge point between
the drive arm and the gear ring; B, (n=1,2,...,5) is the hinge point between the
cutting knife and the rack; C, (n=1,2,...,5) is the hinge point between the drive
arm and the cutting knife in the initial state; C', (n=1,2,...,5) is the hinge point
between the drive arm and the cutting knife when in a closed state; 6, and 0, are
the angle between the points B,C, before and after the motion, (°); O is the center
position of the centering cutting mechanism; O, and O, are the positions of the
cutting knife tip; A', is the hinge point position between the drive arm and the
gear ring in the closed state; S, is the motion trajectory of the hinge point
between the driving arm and the cutting knife during cutting; S, is the motion
trajectory of the cutting knife tip during cutting.

B9 AR T Ak TR
Fig.9 Dimensional parameters and working principle of
centering cutting mechanism

a. MIgRIRES

a. Initial state

b. YIEPARE
b. Cutting state
B 10 meshpdah TiEidfe
Fig.10 Working process of centering cutting mechanism

c. FEIRES
c. Closed state
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Note: r is the polar diameter, mm; #’ is the polar diameter after rotation angle,
mm; dr is the increment of polar diameter, mm; ¢ is the polar angle, (°); dg is the
rotation angle, (°); 7 is the sliding cutting angle, (°); AB is the cutting edge line;
M is the initial cutting point; M’ is the cutting point after the rotation angle; N is
the intersection of dr on #’; N' is the intersection of » on »'; OX and OY are the
coordinate axes.
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Fig.11 Schematic diagram of constant slip tangent curve
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Note: F is the pressure of the stalk on the double-sided cutting edge wedge
surface, N; F| is the pressure of the stalk on the single-sided cutting edge wedge
surface, N; F, is the required cutting force for the double-sided cutting edge
cutting knife, N; Fj; is the resistance of the stalk to the double-sided cutting edge,
N; F' is the positive pressure of the stalk on the bottom of the single -sided
cutting edge cutting knife, N; F,’ is the required cutting force for the single-sided
cutting edge cutting knife, N; F;' is the resistance of the stalk to the Single-sided
cutting edge, N; /' is the frictional force of the stalk on the Double-sided cutting
edge wedge surface, N; f; is the frictional force of the stalk on the bottom of the
single-sided cutting edge cutting knife, N; f; is the frictional force of the stalk on
the wedge surface of the single-sided cutting edge cutting knife, N; a is the
friction angle of the cutting knife during cutting, (°); § is the cutting knife edge
angle, (°).
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Fig.12 Force analysis of cutting knife edge
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Fig.13 Equivalent stress at different cutting moments ¢
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Fig.14 Cutting force curve of stalk cutting process
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Table 3 Experimental program and results
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Number Cutting edge angle/° Rotation speed/rad-s” Maximum cutting force/N

1 1 1 725.82

2 1 2 733.26

3 2 1 897.35

4 2 2 906.72

5 3 1 995.59

6 3 2 1030.78
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Fig.16  Operation process of selective harvesting platform
for broccoli
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Table 4 Experimental data on broccoli harvesting
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Number
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6 Y Y 95.0
7 Y Y 80.0
8 Y Y 84.0
9 Y Y 88.0
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Design and experiment of the identification cutting devices for a selective
harvesting platform of broccoli

SONG Hao!, ZHANG Xuemin'?*, XIE Pengfei!, CHEN Xiang’an!, LIU Siyao®

(1. College of Engineering, China Agricultural University, Beijing 100083, China;
2. Beijing Key Laboratory of Modern Agricultural Equipment Optimization Design, Beijing 100083, China)

Abstract: Broccoli (Brassica oleracea L.var.Italica Plenck) is one of the most important vegetables in recent years. However,
manual batch harvesting cannot fully meet the high requirement of selective harvesting, due to the strong seasonal labor
demand, high labor intensity, and high cost. In this study, a selective harvesting platform was designed to automatically identify
and then cut the broccoli, according to the agronomic properties and morphologies. Firstly, the selective harvesting platform
primarily consisted of a walking module, identification in cutting device, triggering collection device, and control system. The
control system was acquired for the visual information of broccoli through the upper computer. The lower computer was used
to control the overall functioning of the harvesting platform, including overall walking, plant localization, flower ball
positioning, stalk cutting, and flower ball grasping. Secondly, an "identify-harvesting" integrated operation mode was designed
to autonomously identify and cut operations in the broccoli selective harvesting platform. This operational mode was used to
mitigate the interference from independent movements of the executing mechanisms during identification. The precise
movement distances of executing mechanisms were calculated to enhance the operational accuracy. The key components of the
harvesting platform were selected for the visual identity system and centering cutting mechanism for broccoli. The original
image of broccoli was collected by the visual system and then processed through grayscale conversion, Gaussian filtering, and
threshold segmentation. Thirdly, the dimension and centroid position of the broccoli head were calculated using pixel area and
moment. A better performance was achieved in the image processing time of 2.5 s, the average contour deviation of 2.2%, and
the measurement centroid position error of 4.2%. According to the interaction between the broccoli stalks and the cutting knife,
a logarithmic spiral was utilized as the cutting curve, in order to design a constant slip angle cutting knife. The key cutting
parameters were determined, such as a cutting knife sliding angle of 40°, a cutting radius of 135 mm, and a cutting knife length
of 260 mm. Additionally, the explicit dynamic simulation of stalk cutting was conducted using ANSYS Workbench/LS-DYNA
software, according to the material property parameters of broccoli stalks. Taking the cutting knife edge angle and rotational
speed as the control factors, and the maximum cutting force as the experimental indicator, the optimal parameter combination
of the stalk cutting was determined by the orthogonal experimental optimization. An optimal combination was obtained in the
cutting knife edge angle of 20° and rotational speed of 1 rad/s. The maximum cutting force was 725.82 N, indicating better
cutting quality. Finally, the cutting performance test showed that the centering cutting mechanism rapidly and smoothly cut into
and cut off broccoli stalks, where the cutting surface was flat and smooth, with a cutting time of approximately 0.6 s per unit,
and the 100% success rate of cutting. The performance tests on the harvesting platform showed that the visual system
effectively recognized the mature broccoli plants in natural environments with better detection. The overall leakage rate of the
harvesting platform was less than 10%, the detection accuracy was 90%, and the qualified rate of cutting stalks was 88.9%,
fully meeting the operational requirements of selective harvesting of broccoli. This finding can provide the theoretical and
practical reference for the design and development of selective harvesting equipment for broccoli.

Keywords: harvest; agricultural machinery; machine vision; broccoli; cutting devices; explicit dynamics
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