F40E  ZE 18 1Y) Rk TR R Vol40 No.I8
2024 4 9 H Transactions of the Chinese Society of Agricultural Engineering Sept. 2024 1

- Rl R TIESML -

RIYET &L AT Siliu
Aos'. WOB'. BURE, g, B E', AR

(1. BB TRFRIRARN TR, B 650500; 2. =M K¥aelR 5 ER %M, B9 650500)

W OE: AT EETYER A S AR TR, R N LA 057 S5 RIS, AT T R IR -
AR FFEVLER A RS DUETVRERABEEON R, AREHE NS S EM E =R R SR, i
Hot AR HPAT B AT A RIS s AR, 35T YOLOVSs R 2 S M8 A i 2 H ARl ARG AR A, 3 53T
HHPLAS NIEsh 247, $EHFE T MD-H (modified denavit-hartenberg) A [1) 33 32 2 2% S AR 5 22 AT 1] 5 012 g A ) 5
o HEGREFY, BOdhE i iR g a2 A R 5922 103z 47 1 18] 5% JUSEIEA L 2 5 FAR T 38.3% 1 72.5%. #57FT
BN S, T E AR ZE LN . Ieg FR ], IEUEE X Y J7 M FF3 8 AR 253 Bl 2.33
238 mm; FFHEIEAMLES X Y. Z AR E AR 2 408 2.21. 2.25 F1 2.05 mm;  HLAS AR IR w5
14.787 s, HHRBIPURCT35 TAEEHIN 6.803 s, S AEML ST A 46.01%, FFEAEMLFIFY TAERAh 5.104 s, difEk
SR IEI 34.52%; TRIRGHE N 88%, FTFIBELNLIE N 92%, IRHERAMREIRG T DHN 5% 1 2%, FEAFE H b br

TEFF ARV ER . LSS R RiR BRI AR R S B R 5 R IR IS
KHER LBA 46, BAE, YOLOvSs; stk FRA & SR, #2502 /x

doi: 10.11975/j.issn.1002-6819.202404074
hESHS: S24; TP242.3 HEAFRERRS: A

XEHS: 1002-6819(2024)-18-0001-12

A, RS, BRE, & ROBFHENSARIT SR Rl TR, 2024, 40(18): 1-12. doi: 10.11975/j.issn.1002-

6819.202404074 http://www.tcsae.org

SU Wei, QUE Yu, LAI Qinghui, et al. Design and test of a carnation cuttage robot[J]. Transactions of the Chinese Society of

Agricultural Engineering (Transactions of the CSAE), 2024, 40(18): 1-12. (in Chinese with English abstract)

issn.1002-6819.202404074 http://www.tcsae.org

0 3| &

AR AR = A 1 R AR R 5, PR AR
S 55BN A 70%M . FT T A R R
(IR, AR HEA D U 1) 5 R 2

B B b A e s, BN ANEA — S B S
o FE IRON OX A 7B it T —FEET H B HENL
PR B /K5 SRS AR M LA N, AT 2 TR 3R Gk Wl I i
Wi R R R E R AR, £ E 1S0 AFM PR T —RiE
THFFAEALAE N, R AT #5180 1 BB I B Al i 22 B 7
AT, [ B PRUE SRR — B, FF R RCE Tk B
2500 Fi/h; i 2% TTA AP 2T 75 [ i EHUE T & H
—FRFT LA N R GE, AT R TR AT O BT R4 AT AR R
A ER, BRRBCRAIE 2800 #/h; JI32 BEKIDAN
ATV TF U0 AR AT R T R4 A sh R L,
TAERR AT IA 8800 Fh/ho IHE AN L6 2 57 sh % 4
ML, A, IR B S A E R 5]
TR R SeET [ PRI = [ Sh AL R R AT

Wk H#E: 2024-04-16  BITHHE: 2024-06-13

HETH: EFRAREFEELSTE (52165031

VEFTIA: 50k, -, BIEER, BHE 7 R MU A A = s 1,
Email: laisubo@163.com

KIBEMER: BPpoM, HL, B, HLAESE, TRl ik
%51 HEHLNAE . Email: laiginghui007@163.com

doi: 10.11975/j.

BF ST B RS e R A R T
ARG = PR IFBLAS N, BE& I A B0 piE P £
H U R I AT 35 . A IR T SR R
fENLES N, SEBL T SRR MRS Al 2R A ) B 50
AR, TARRCRLI N N TR 2 f5BL L. SR,
T4 2 2Ot 7E 3 2 F T O B A 1] o K A2 AL
AEHFRTYEAERE IR teoh, TS
FRAEAC AR VE 20 7T o AL OGBS A HLER AT 4
(R e] A S5 2B VAT, TR R AT HE LA A AT BA7E 43 5
ENERTER R R (N Rk e DN IR B T d R AR R S
AT 47 % 55 1) A

A SCULRETY B AR AR A XS 5, Bt — AR —
Frad — RAL AR B R TS SR REFT A L& N, X LA B
FEARIG AT &5 3R H AR Sk 9T b iR i2 2 A
RN VA R 38 5l 22 SR S D A AR AR BEAT BEE, I E)
AT FIRAEAE BEIIE X LA 1 SCBE RE BEAT S UE AT 23
B, CAHDSIR S AR AEA T I B S T R S S 2%

1 RGEHBIESENE

Rtk 2 BB R B AR AR T R 0 PR 4R AR,
FEAR AT 45 S RO IV AR YR . AT Ry B
R FAE NI AR (B 1), HAE KM 4~5%,
MRS ZEAT AR AR T 2R (& 1b) .

N TR VERE R RWRE S 5L BENLIZE 50


https://doi.org/10.11975/j.issn.1002-6819.202404074
https://doi.org/10.11975/j.issn.1002-6819.202404074
https://doi.org/10.11975/j.issn.1002-6819.202404074
https://doi.org/10.11975/j.issn.1002-6819.202404074
https://doi.org/10.11975/j.issn.1002-6819.202404074
https://doi.org/10.11975/j.issn.1002-6819.202404074
http://www.tcsae.org
https://doi.org/10.11975/j.issn.1002-6819.202404074
https://doi.org/10.11975/j.issn.1002-6819.202404074
https://doi.org/10.11975/j.issn.1002-6819.202404074
https://doi.org/10.11975/j.issn.1002-6819.202404074
http://www.tcsae.org
mailto:laisubo@163.com
mailto:laiqinghui007@163.com

2 Lol TFE=AR (http://www.tcsae.org) 2024 4
PRAGAEAEAS, AR 0.01 mm UEbs RRAEBFR - EFERHR
g3 o 3 UART RSy A BT B AT WU &, (RIS P R KR o AP D
ME AR e B IHER A FWRE SRR 1. n Dd

D
FEAL FEAR2
Sample No.l ~ Sample No.2

FEAR4
Sample No.4

b. ZH ARG TEH
b. Sketch of radial section
A D ORRIAEE KA, mm; d AR, mm.
Note: D is the long axis in radial section, mm,; d is the short axis in radial section,
mm.

A3
Sample No.3

a. ZfiathiA
a.Three-dimensional scanning model

B 1 RE7EGRAR

Fig.1 Sample of carnation cuttings
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Table 1 Apparent characteristic parameters of carnation cuttings
Z¥ Parameters F-H418 Average
Pk Plant height/mm 16.123
12 M # R K5 Long axis in radial section/mm 6.425
12 1) LI A6 5 Short axis in radial section/mm 4.799
JfifE Mass/g 2.456
% & Density/(g-cm ) 0.797
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Table 2 Mechanical property parameters of carnation cuttings

2% Parameters i Value
B VIR R 2 Shear limit load/N 60.419
BI)58E Shear strength/MPa 24.949
BYP)#E R Shear modulus/MPa 14.351
¥ I Young’s modulus/MPa 38.247
JHFA EL Poisson’s ratio 0.333
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Fig.2 Hardware architecture of cuttage robot system
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1.Sliding boost mechanism 2.Flexible block 3.External chuck 4.Auxiliary
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Fig.3 End-effector structure and workflow
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Note: v is the linear velocity of the sliding boost mechanism, ms™'; v’ is the
tangential velocity when the flexible block is pushed out, m-s™'; v, is the normal
velocity when the flexible block is pushed out, m's™'; a is the angle between the
holding plane and the plug tray plane, (°); f is the angle between v and v/, (°); y is
the turning angle of cuttings, (°);
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Fig.4 Schematic diagram of working principle of
cuttage end-effector
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Fig.5 Network structure diagram of YOLOVSs

&N JG, B EmANRET IR, 4
BIPOE RS Ja s #EN B2 A 22 B2 i 0 & T

2 AT EHRRFAE SR HL, S22 B 1 2 T DAAT 2800 LR
JZ A2 e RO BE VR % TR AL, DA T 412 s e AE 428 HR PR 4



4 Flk T2 (http://www.tcsae.org) 2024 4
. YOLOvSs f #5158 0 2% 45 ) 8 i B% 4% 28 & /) 2% oTST=0T (6)

(PANet) I AN A ROBERFAE 1A Rl &, 3658 1 15
RUNE /N H AR PRI BE 770 G AR 38 sk 25 350 10X 265 3R HUAS [
FRBERIFHIE S, 12ENTI0 Sk (R 36 R0 2 A A 452 2 Pk AT
H brads S HE 6 7 B RS T, T 4 SR d i v b 5
B AL, SRS AR AR 45 3 . YOLOvVSs A
Z4 & (params) FIVY sz & (FLOPs) 4378 7.2 M
165G, SRR R BT S s, HER
JERE R, & TN SER B AR EES,

TERB DGR, R “HREFI (eye to hand)”
AR, BV B2 AR B R FH [ AT AT 22 e £ LR 1) I i
T o B XM IRE T W9 Z 71, Wik s KK
FNRE BT [ 40 B8 X b . Y hos 2200, s H AR B
FAAR G IR BEAEARN IR 408 R T AL = 4E A4 HR

Hrk 20N
Xd u
Yd = ZdK_l \4 ( 3 )
Z, 1

K Xpn Yoo Zy 8 B bS AR HLAR DR 2 (0 = 4R AL 45
mm; K OARNLNZWRERE; w. v Iy BAR G AE B R AR
RME R, BR

HAINLARDR R 5 S AAR R AR HR RN

X X
Y, |=H!| ¥, 4
Zw Zd

K Xv Yo Z, 8 B s S AE AR AR R = 4E AL bR,
mm; HY AN AW .
2.4 I-HEHEE IR
241 A FINBRBEIAEF £

K AR AT BRI 4 — A s it 7 % (3D,
BT R 2 TO0F BT IS T 2 sh L RIMTE 25 S 80
MY R KM FAR A 1) R 3 ik T HR R g 228 57 i R AL b
RERGPAT R R Z I R (B 6). AT
SRR T B AR R U, SRBUCE IO %, BN i
FEYSAL AW 2 AT 7 ) B BURCE, A0 5 A o 2 AL At
AT SE CRINEL, AT 28 I 25 Py A

Py =( XYz R Ry, R.) (5

A oz A HBRIEUS AR, mm; (RLR,RD N
W\ﬁ%z&%, rad. y\:l:l:‘ Rx=ﬂ:/2, Ry:()’ RZ=T[/20

HIHHATHR AT R HHHLAS AR 2R
End-effector Camera
coordinate system coordinate
B z oy system
EAA T 2 I
BEREAL bR 5 )_, )

Base coordinate x T FEAL R 2R
system Cuttings coordinate system

B 6 FRATT T 4477 A X Z
Fig.6 Coordinate system mapping in hand-eye calibration
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Fig.8 Cuttage robot motion planning process
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Note: d; is the length of the connecting rod which is translated from X, to X;
along the Z; axis, mm; a,, is the joint offset which is translated from Z_, to Z
along the X, axis, mm; i =1,2,...,6.
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Fig.9 MD-H(modified denavit-hartenberg) model of 6-
DOF (degree of freedom ) robotic arm
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Table 3 MD-H parameters of 6-DOF series robotic arm

i ;-1 /(°) a;.,/mm d/mm 6/(°)

1 0 0 336.5 -170~170
2 -90 0 0 —130~100
3 0 272 0 =70~180
4 -90 0 280 —175~175
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Fig.10 Multi-objective cuttage points traversal simulation
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Table 4 Performance comparison of inverse kinematics
analytic algorithms

RPN RAF T BE B T]
Algorithm Mutation rate/% Average single operation time/s
SD-H 12.5 0.407
MD-H 5.0 0.251
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Fig.11 Comparison of convergence effects
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B A &k L E AL (software development kit , SDK)
SR I B2 S s RS . A Movelt AT 1250
RIHBE, % OpenRAVE i B M RIERAF42 L1 IK Fast
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PRSI E SR IR Movelt.rviz AT A4
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B IE 3, [FIR ) Moveit 1 55 S0k FEATLIPIR 50
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(& 12).

b. FHALE

b. Cuttage position

a. JRHLAT

a. Grab posture

B 12 HIEHIR AT AL 5 045 A ds 4]

Fig.12  Visual real-time simulation control of cuttage robot
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Fig.13  Software architecture of cuttage robot system
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Fig.14 Comparison of optimized anterior and posterior joint angle, angular velocity and angular acceleration
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MR B VF 57 R Al B i 4 RS 2 bl A\l
& (K15, FEEARSHWE S .

1 H Jetson Orin Nano HEH 5 I 25 501 &,
FINZARFE T YOLOvVSs B2 H bR I 7R FE 2 ) A
AIBSO gk GPU A4 102 # NVIDIA Ampere Architecture,
8 GB i fF; CPU A 6 #% Arm Cortex-A78AE v8.2 64 {i 4t
FEEE, 32 GB WAF.

DALY VAL ISFNEYE Sl YN S i
FH 32 41 540 mm=280 mmx55 mm ¥A% AL, BN
BRI ERE, MCEE A 3 0 1ML 4 OB EE A (R
5 GLM250 VF, f§/Z+1 mm) & HERS % S sebrl
i, Z%AFr %1 2 B 750 mmx1 050 mm A5 E B2 AL
A FH A & X RO 4 AR 2T 5 1 258 0 /KCF T P
Fs N T SRR L AL S OB AT S G R R R
8 & BB 1R A S RHE AR BR 2 5 A2 7= 1) & a1
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1L LAZHL 2.57603-A WU 3. 3F 4 AR S AT d 4. 34 7CEE 5.LeTMC-520 %
FEARBL 6. i AR AT 7. i G 8 IRBY ALY 9. BT Jeh il
1.Upper computer 2.SJ603-A robotic arm 3.Cuttage end-effector 4.Cuttage plug
tray 5.LeTMC-520 depth camera 6.High-speed camera flash 7.High speed
camera 8.Vibrating conveyor belt 9.Carnation cuttings
B 15 HEMBEALZESKESE
Fig.15 Comprehensive test bench for cuttage robot

x5 HMBARELESH
Table 5 Robot test bench parameters

24 Parameters & Value
HUHE 24 Type of manipulator SJ603-A
HE T Rated power/W 360
iz7)2-4% Radius of motion/mm 540
AUE 171 %L Rated load/kg 3
B KR % ¥ Maximum terminal speed/( m's ") 0.5
HE ENFEE Repeat positioning accuracy/mm -0.05~0.05
TAEG RN (Kx3ExiE) Table 1200%1 000

size(lengthxwidthxheight)/mm x720
AAMLEL S Camera model LeTMC-520
ML) #E % Camera resolution/pixel 1280x1 024

4.2 EMIRERIE
421 IMICEALIRE

T B OR AR S PAT A% BE 05 R SR IR T B i f, A
I XS = NG T BINGE AR Z 347 70 A, &7
HE 16 Fis.

Ak

External chuck

1.LeTMC-520 IR FEARML 2.2 4 b5 5 3 TR AT RAT 25 4. GLM250 VF HO'
DMEEAX 5.5 T 28

1.LeTMC-520 depth camera 2.Coordinate reference system 3.Cuttage end-
effector 4.GLM250 VF laser rangefinder 5.Carnation cuttings

W OXpYoZy NNUE FEFEAENE R OXpYiZy AR R

Note: OX3Y,Z; is the base coordinate system of the manipulator; OX,Y,Z; is the
reference coordinate system.

B 16 ERLAFRNEG ETEH
Fig.16 Schematic of method for cuttings coordinate measuring
¥ 228 M bR K223 (BKFAGID ENLIE
FL P b, FFREAR IR RIS AT T 1 5E SON X BT 1AL
3 B AL B AT BT T E SON Y 71, LeTMC-520 A
BURIER BETT FIAEN Zp il BBCR AR 600 mm. L
P 2 R AR AR R AR TS AR RN Xpn Ve FHERES D,

D, 4r514 798 mm. 598 mm. FARIRIE W

1D TSR AR 600 7K 5 TG B AR AR S, B AR
Bl 17a Fror . S8 7 U0 4 A ) A AR UL AL B, A
labellmg %54 Xof 47 F2 1) oA Aor B (v R 25 0 2 52 50 46D
HEATFRVE, W 176 AE 17¢ fis. BEEREEE 8. 2
RI4> N R RTIAR 4EPY, 3R HA N YOLOVSs £ H
o e RS 0 D9 28 EAT MRS N 5, i J 35 2 7 Jetson Orin
Nano W& W& . & /ol br e e NS, it
%f RGB BT B ARSI, T 5t ZE AT S BT /e
FEIEAME, S5E AL A S FE TS AE O B R
ARERPL, AR 17 d FioR o

b bR FoREE
b. Diagram of marking scheme

a. Eg R

a. Example of image

i\
\ i/
{fm%{z/i
Bo

X

d. ARER T RCR

d. Recognition results of cuttings

c. Bl AR R )

c. Example of dataset annotation
B 17 #irizs £5RAHR

Fig.17 Marking scheme and recognition results of cuttings
2) GiE NN SIS ARG, HEIR R LIRE
TREEARFR MRS SC 2, TH S AR H AR VR A L
B R B A A R S AR (X,Y,0Z,0 A L DL
BT SR AT BIHUAME F 32 075 ke R AR AT 25 42 30 21
I br i A B S DR R ANS), 5 SO 0 BE A N & e S
S B Xy Y SEIBE RS d,v do MRS, BEREOLI
PEACTAT FHURCE S T, RO /UE BT R FR E
W bo T R E, HZ/'=2"=200mm, K
BEAN 75 B XY, I A B E AR 2 . 4230 (15) 1HE

H PR A LS AR (X, Y, o
{ X,” =D, -d,

Yg// = Dy_dy (15)

W e T AR AR AT IS AT T M R B, AT 10 4
P AL R 2 RGG, BRIV 10 BREE 2 ff Ak 4711
BENT, R T XpY, “PIH N FIAL B AL KR, &5 R
fH. IR WE 6 .

RIGSE LW, JREUEL N X,Y, 1 A 1~ 5
WZEN (233, 2.38) mm. HLES AR PR G AR
PR TAEAMN 6.803 s. LT, A umP AT 2% 4 e
HKTF N 12.50 mm,  FE % B4 REURE AR 8 Kl 1 20
9 6.43 mm, R HAT 2 I NP MATFE AR 2N 3.04 mms
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A FTVRIT LS A BT 5K 9

DR 0 o7 % 22 WL B I S SO AT RE AR EREAT A2 . K
PAAT &5 A A2 PTUDURE LA 5 K
Fo MEVEMIRE

Table 6 Positioning error of grasping test

®7 HEEMIRE

Table 7 Positioning error of cuttage test

THENRE

W5 SEHIERL IR RIS
Test  Average positioning error (|AX],|AY]) Average time
No. /mm consumption/s

1 (2.1, 2.5) 6.238
2 (2.3, 2.8) 6.163
3 (2.7, 2.5 6.113
4 (2.2, 2.2) 7.560
5 (2.4, 2. 6.355
6 (2.5, 2.4) 7.248
7 (24, 2.2) 7.054
8 (2.3, 2.6) 6.738
9 (2.1, 2.5 7.406
10 (2.3, 2.00 7.152

w5 Average positioning error %ﬁjﬁﬁ .
Test No. (AXLJAYLIAZ) /mm Average time consumption/s

1 (2.2, 1.8, 1.96) 4.944

2 (2.3, 2.0, 1.85 4.893

3 (2.8, 2.7, 1.99 5.155

4 (2.1, 2.4, 2.05 5.523

5 (1.9, 2.3, 2.44) 5.166

6 (2.0, 2.2, 217 4.768

7 (2.2, 2.5, 1.87) 5.332

8 (2.4, 2.1, 2.18) 4.998

9 (2.3, 2.3, 2.03) 4.932

10 (1.9, 2.2, 1.92) 5.327

422 IFEEALIRE

AR 3 EAE T H SRR OXYZe T PG AR b
ITE AT e AR 22, DAIRAIE AR i P AT 23 75 T4 i R
PIVEMV ARG, &7 iEWE 18 Bis.

ERAVAE:
Target plug tray

1.2 %5 M4 A5 2 25T 4 R B AT 8% 35T 4 9 B 4.GLM250 VF 301 W BR A%
1.Coordinate reference system 2.Cuttage end-effector 3.Carnation cuttings
4.GLM250 VF laser rangefinder

F: OXcYcZe NTHGHIRR.

Note: OX.YcZis the tool bench coordinate system.

B 18 RmPpATE LN EF HTEH
Fig.18 Schematic of method for end-effector coordinates
measuring

BEMFRIRFEARAE, WSt T H & AR & 105 A
HEATARE . bR 5T 73 SINEUE B2 2RI A ], AL AR &
Ji RE Xew Y B EE B D)/ D4y Sl 9 952 mm,
312 mm, Ze B 3 BT KT, AT S
HUBR S 35 BB K ST 200 mme ELAARIG A0

1) HARIEE & AR, 44258 b0 Ay B AT
A, AR SRR a=60 mm H-5 B BRI SN T T
B & MAAR R =48R (X,LY,Z.) .

2) IREHHLEE NS HOE AR, AR AR T
SR N H AR USRS, 8 O I B A
YMBISK TR S B BB MR R Xen Yo BIOBEES d d'. $
R (16) BRI S A bR (XY, Z
PR AR R A

{ X" =D,/—-d,
Y =D/ -d,/

HEAT 10 4P 2 LR 2R, ALK VR [ 32 4

T, RIGLERICEIIE, ERME T Pir.

(16

RIRLE R, LA NFFIEVE LI 1R 35 8 47 5% 22
N (221, 2.25, 2.05) mm, SREFFE T T AE
N 5104 s. KU HAT 88 AMEB I SLTH A5 B AR 4 AR
ZIE 10 mm VLN, 1ZiRZEFESHNE ARG ES M
KA G, nLE R ZOR R T e . R AT 88 2 A
R FFAEAE ML R 2SR
4.3 EH et

AAR 5 FEVPAL = SR AL AN S5 1
Aeo DABURAHE R 130 B AL R kP 3 1R b B 18] Dy
W9 HE bR, o B SN A BT 4 R B AR PR 2L
(25~30 mm NEH)  EFEZEAT 5 F B 0 K TH 5
FHA B REAREL (60°~90° & H%) LA Hi AT 4 6 b A
i) SRR AR O e . R AR R, SRR
B AE R Ui BUAT 35 119 i 77 DA B 68 0 R [ PR 4 S5 T ]
RE 2 BIANFREFE B o B 9 ASA REAR 350 1 453 4% 7
FEAE AR RS B AT VA, A A BL LIS e
F PR BR324 DA AR ™ B S AR
W, 45473 F At AR B S A AR S B R A A . [RII
E5 MR NI RV E ISR R GIE IR LY S A RS E Y Y g i)
B

TENLER AR TAERAE T, #ET 10 AN R,
FEAFTIE 10 PRIERE, JLFF4E 100 Fko HLER ANFTHERCR M0
K 19 Fios.

FMEFSER Flexible bloc

klE 1 'I

b. FFEEAL R
b. Effect of cuttage operation

. a. @Ji’iﬂ‘,‘#&

a. Arriving at cuttage point

B 19 RapIATEHERR
Fig.19 Cuttage effect of end-effector

BRI e UG Gt SRS, IR0 RIS R AR
A, AURBCFE . s RNk 8 Fis.

IR AR R, B R BT AL E N A R A 4%
LI 88%, FHEE LT 1908 92%, Hpk-T-EIfE
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BRI 14.787 s, AU HREET [8]) S 6.803 s & B
A 46.01%, FF3F (8] 5.104 s & S0 R ) 34.52%,

HrA)IZ 5 (12 (P B RE I 3 S N TR 19.47%, P2
AR R 2054 5% F1 2%

*8 ENMEEREGR

Table 8 Performance test results of machine

MR AR BRSO F—, W ek fHar THRTIOE el
R Oulifed | Quifed e T RGBTSR ST T R
jR vas) Number of Number of Qualified rate ~ Vertical Rate of
Number of  number of number of Cuttage .. Average . Rate of root
Test No. cuttage/Fk cuttage inclined operation time/s [missmg root of cuttage degree of working time IssINg damage/%
K h/% cuttage/% cuttage/%
depth/Fk angle/#k cuttage/Pk  damage/Bk  dept & per plant/s &
1 10 9 9 149.789 0 0 90 90 14.979 0 0
2 10 8 10 149.452 0 0 80 100 14.945 0 0
3 10 8 8 143.130 2 0 80 80 14.313 20 0
4 10 9 10 150.568 0 1 90 100 15.057 0 10
5 10 10 10 147.383 0 0 100 100 14.738 0 0
6 10 8 9 147.681 1 0 80 90 14.768 10 0
7 10 9 9 147.237 1 0 90 90 14.724 10 0
8 10 9 9 146.396 0 1 90 90 14.640 0 10
9 10 8 8 146.166 1 0 80 80 14.617 10 0
10 10 10 10 150.846 0 0 100 100 15.085 0 0
A1T Total 100 88 92 147.865 5 2 88 92 14.787 5 2

BRAIHLES NI HRRCR 0 E R R EHE: (1) Lk
F AR A 2 SO, R DN S [ 2 G0, AT
129 7 IR R (2) BLas NAER (R 22 4 PR i)
PERYHT S T 7 2258 IATUBUR FH4 i BU = s i, 7 224k
WRZ N T RIZ S, AR MR a 2R, B,
BE— DRI AR S AT S BEAT S Ak, T L3R ik
MG FIPE AT RE A DA 2 Al R I 5 R Az 3l 0
RIGE, SERAE P IE 3l g8/ is S0 el 2 BT,
AR T3t BIRTHT L8 NI ZRE BRI L BT &

5 4 #

1) ASCE G RSB Hd AR B ) AR AT AR A L TR 5K
BE 7 — P —FF 3 — A A e T BB A AT AR L2 A R
g, SCHLT B A EFEE L

2) Al A SERT HARKE IR SR, 3T YOLOvSs IR &
IR 2 B AR AR R, E LR N8
AR, PR T BT MD-H #1358 B 2 T v
A (A e R R Bk . A IR R, Dk e i
fif SV RN A2 R 9 3 A T I 1) 5 R R AR LR 43
AT 38.3% A1 72.5%;

3) B THENSANRE &, TR ZE R &
BAEREIRLS . I 25 FR M, PR ML B /K i
PIEARZE N (233, 2.38) mm; FFE/E ML H)F 155
RR#EN (221, 2.25, 2.05) mm; FH A FIH1EL S
(629 14.787 s, FRBRUUAIIUHLES (8] 4 6.803 s, 5 AL B[]
] 46.01%; FFHEE 1Ay 5.104 s, &5 B 8] () 34.52%:;
SEITIR SR RN 88%, “FIIFTEELSLE A 92%, “F1Y
T R AR 305 3R 3 N 5% A 2%, FEATH 2 H 3hik
FRUEFFAEAE L B R o

BTG RE AL MIEAR . AR e A DL S 2R a4
SR ML ST I A D) 2 I S RS E B R R JEE
BEOE TP A AT JE RSN RIVEE A, SRILZ B, 2
AR T IEL, e A4 2R AE AT R 58
Mg thitl, dE—DRETEPLE N BI1E L P 58 FTE 1,

VNUPAERECDIRYNINTEE: € ol A (a4 2P i fiifibkas
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Design and test of a carnation cuttage robot

SU Wei' , QUE Yu!, LAI Qinghui®® , YANG Zhanwei' , YAN Chuang' , ZHOU Shengwu®
(1. Facully of Modern Agricultural Engineering, Kunming University of Science and Technology, Kunming 650500, China; 2. School of

Energy and Environmental Science, Yunnan Normal University, Kunming 650500, China)

Abstract: In the process of high-yield cultivation of greenhouse cut flower, high labour consuming and lacking of operational
standardization stand out as significant issues. As an important agronomic technique for seedlings rooting, cuttage is a key link
in the planting process and an important measure to increase agricultural income, accounting for 70% of the total labor cost. A
carnation cuttage robot system was designed to integrate with the grasping-cuttage multifunction for the carnations' automatic
cuttage. Taking carnation cuttings as the research object, according to the agronomic requirements under high-yield cultivation
models and the materials characteristics of carnation cuttings, an auxiliary cuttage end-effector operation mode and a grasping-
cuttage coordinated motion planning model are proposed. It realized high-efficient cuttage operation by the combination of
cuttings gripping and auxiliary cuttage. A multi-objective identification and localization model was constructed based on the
YOLOv5s deep learning network and the hand-eye coordinate system mapping relationship to meet the needs of target
detection. Additionally, a kinematic model was built for the cuttage robot, and MD-H (modified denavit-hartenberg) rule based
inverse kinematics modeling method and time optimal trajectory planning algorithm are proposed. A multi-objective cuttage
points traversal simulation method was proposed to verify that the inverse kinematics modeling method based on MD-H rule
can effectively reduce the joint mutation rate and solution time of inverse kinematics. In the framework of Ubuntu 18.04 and
ROS-melodic, Moveit-gazebo is used to carry out the joint simulation of time optimal trajectory planning, and the validity and
efficiency of time optimal trajectory planning algorithm are verified. Finally, the key technologies of the cuttage robot were
integrated to develop the standardized and automated cuttage workflow. We constructed a comprehensive test bench for the
cuttage robot to evaluate the localization error and machine performance. The localization average error in X and Y directions
during the grasping operation were 2.33 and 2.38 mm, the cuttage operation had an average localization error in X, Y and Z
directions were 2.21, 2.25 and 2.05 mm, respectively. On average, it took 14.787 s in total to operation per plant. The time of
recognizing and grasping, cuttage were 6.803 and 5.104 s, accounting for 46.01% and 34.52% of the total working time
respectively. During the test of the performance of cuttage robot, the average qualified rate of cuttage depth and the vertical
degree of cuttage were 88% and 92% respectively. The average rate of missing cuttage and root damage were 5% and 2%
respectively. The cuttage robot met the basic requirements of standardized cuttage operations. Thus, the study fills gaps in the
literature on mechanized cuttage of carnation in China and provides a theoretical basis for standardized seedlings cuttage. The
main factors limiting the cuttage efficiency of the robot include: 1) The greater the difference in the shape of the cuttings on the
conveyor belt, the longer the detection operation time will be, thus restricting the efficiency of the grasping operation;
2) In order to ensure the safety and accuracy of the robot, it needs to complete two complex actions of grasping and cuttage, so
it takes more time to complete the calculation, which affects the overall efficiency of cuttage. The irregular shape of carnation
cuttings, the unstable posture and the occlusion of stems and leaves are the main reasons that affected the success rate of visual
detection and led to missing cuttage. Future research should be carried out on the attitude estimation algorithm for disordered
cuttings to achieve the disordered grasping of multi-objective and multi-pose cuttings. The researches on other crops are needed
to further improve the performance and applicability of the robot. Therefore, it can provide more comprehensive theoretical
support for the high-efficient and standardized operation of cuttage robot.

Keywords: robot; cuttage; carnation; YOLOVSs; improved particle swarm algorithm; trajectory planning; recognition and
location
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