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Development Status and Analysis of Automatic Grafting
Technology for Vegetables
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Abstract; For grafting brings various advantages to plants, such as enhancing the disease resistance,
speeding the growth, increasing production of per unit and reducing chemical application, it is a crucial
step in large-scale vegetable production. Furthermore, automatic grafting by machine can effectively
improve the survival rate of grafted seedlings and the working efficiency, which makes this kind of
technology a rigid demand in vegetables’ commercial production. At present, global research within the
field of automatic grafting and related robotic technologies has been carried out for years. The recent
developments and the key technologies were systematically analyzed based on studying information in both
academic and commercial fields. And five kinds of key technologies were brought forward, which were
seeding mechanical grabbing technology, seeding romanticized delivering technology, stock/scion cutting
technology, stock/scion joining technology and controlling technology for the grafting system. Moreover,
the conclusion and prospection for the worldwide automatic grafting technologies were provided from three
aspects: firstly, the level of the automation for grafting machines would make a further progress in the
near future; secondly, the amount of the plants that a single grafting machine can process was supposed
to increase; thirdly, the state of the art technologies in relationed fields, such as agronomy, ergonomie
and artificial intelligence, would promote the grafting machines’ performance more in the future.
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Fig. 1 Typical vegetable grafting machines
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Fig.2  Grafting methods

e U R ARl AR 5 BE R Y R A B N R
B K PID) A B SRR — R, T I e O B

Yyt A7 1 %, WA 2a B 007 i i A Ok B
FEARHYAR , 0% B, (E= ARl e B BB, —
TR AR o AR RS — O TR
4B IR K R L FE R B AT LT AL,
e FEAR LMIF VI BIE | Pl A GG A BT AT R AL, a0
Pl 2b JIT 7 5 3% 07 W6 ARl 7 R, BT Uiz o Il 4
TR Tl A5 REAC A W R I S D 4 Y
AR G 5 — R, AR R B e BE AT 1 E , A
Bl 2¢.2d 7R 5 1% 07 i 0] 0 B R R 6 4h
F AR A A, G rp 8 7 R A0 R Al P R DL
9 Ay B N, B H 0 R R AR R A Y —
Fr e R A K S AT DIBR , B R — e AR K
SAETE B T D) 1T 5 R B AT D) R AT I 5 5 T
TRk 4y 0 2 SR PG 2 10 1, — DR B A i, OF
TERS A Tt ET7 A BEAT R DI EI o ATk — R T
Rk I S R v, R T AT IR Wy [ )
TE— & Bl AR FIRE A 42 ¥ S Ja A L BREHE S,
WP 2e Prom s %07 VR BE B H AR W) AN RE
S A B . BB B — B TR 4
P A B0, S N e vk ) i b S T R, BRIV OO
5 P I I O BB SRR A 26 TR o

AT A s L7 e 2 7oy 05

A SRR, nl g0 o 4x A S AL K A Shix
AL TPl & AShEE U e i e 4
e A sk, AR UL UIHI s MR R A
SIREALE R K R A Sh ik, T2 KR
SRR H S se B, I B sCH A 2 O T 2N T4
BY#EAT o 0T 8l I H ML 2 45 1 1 ah 1 5 2 T 3 o8
JC T SEL At Ay B e R 6 20 SR FHATLAR € 188, n D) ) 25 3
o

AR R 51, A SR AL AT 20 i B 4l A
IR IR A SIS RO B R
W E SR TR S R R
SRR 22 5 TR I B IR LA — 5 220

IR S BLIT ¥, H SR AL AT 23 O W 4k
H 3L B B shig bl =8 0 A s g L
L A SR AL AT . B4 RS, Wi 3k A Bh I %
BLE 2R IR e A5 o 181 5 1, 50 A s i H bl &
SR MEHR BE Y, &8 XA 3h AL R 2
Tk AR AR S W 4 [ SE ) o

3 BmEBINMUBEIEEA

F Bl I e HOAR O B AE T i DR B 10 AR P UK
fE DI g B HER AR A S A S B [ A A
ARZ W FE R Aol 3 38 LR LA O S B R
PN BE 3 A Sl e B BF 78 B 4l A LA AL FTCHR



%3 1

KR 25 B A SR ESOR DR BUR S & R o A 5

HAR A ik HoR BRI R AR R
PG 1 H R R B Sh g R AR AR .
3.1 ZhE LA AL ITERHE R

SR WA 25 8 44 i 5 0% 6 JUT 5 T Al AR &)y i A
KRN B BTE K 85 3R 25 40 P U 76 SR IE T
I RR GV I 3 R v AN A5 1 I R T T LA
PUBCE AR () F BT NE,IF B R L G R T 1
FEA B R T ORI g B ) R T
PAE FJ5 2 T A 1 0 A shib 3t

FE A R = 25 A 0F il 9 GRF800 — U B i
Bh4 B SR HALE A SO E e 3 R,

an] |
) .,

AT (AT FUM—JHW

N ==
{ ==

A

K3 GRF800— U #I [ 3y IR iy 3 5
Fig.3 Automatic seedlings taking mechanism of GRF800 — U

PR BT AL ) B O3 v PR A AN AR IR
gy o BRI, B e AR B B ASCET T Bl Y 2 i SRR R
PR, 1 40 v R DL DL ST 0 R A 3 B0 S5O
DX, B =2 o T OTORI YD AR 7 A UL A 21 3l 1 3
HOHT DX BCRTHE R T TCRT 2 19 [R) B8 &)y i T 28 ¢
FN Gk 85 G X A e s, UIAR T ICH] Gok 4
YIS, 56 B A S BT /8, 12 5 7R 5k ML 1 s
TRk B H ARV A Z S R R . 1%
e MDRBLR 09 4 B R AT B S BRI 48 B, BCET AR
I

fif 2219 1SO Graft 1200 B g5 S K FEAL P il AR FR
SRMT AR RS A 4 PR, BEARE
T HUAK R 7 b I BRI AR T AL, TAER,
BT A RS — R A BT TVUTORE AR R A9l A 248 1
Tt R 3] A Zh R AR T, 5 B i 0 R
SERE DU P B R 4 R S8 AR AR o T AL
A A 43 ISR FH N T 1 O = AT R o

Sh s R R B 4 v e 31 IR M B I AR B 45 Y
[B] B, B AW H R B T B Bl B A A
B NS R

B G EEIE SHLE —IREOR, TAE
IF IR T TORE 4l v U0 e e 15 I, BILas Ao R 48 A 3
I SR I I, 225 e i L Bl L2 AR A 22

y

i

4 18O Graft 1200 B [ SR 0L A ShIE R B

Fig.4 Automatic seedlings taking mechanism of ISO
Graft 1200

Trei v L

KBS SR A SRR B

Fig.5 An automatic seedlings taking mechinism

using negative pressure

S B 5 Ik JRE 75 1) i B R D AR RE, 1 I R R R A
PP e o G T e 2 A0 0 6 L TR B &y
I BRI ROCR
3.2 HEABMEERAR

I3 ¥ 8 PR K LB I R 2 0 [ 4 DA
SE Y25 A ik B BEE AL, DL S SE Ry fl BEAR Y
HIAE 25153 ARTHE BEAT o IR0 RRBLIG RO 45
IR ALY AR S B Z I OB BOR IR o 25 H
R AFSRALRL, o TR 2 (B 254 1 5 R, 3 ok R
PR i e AU 5 A AU 4 5 1 Dy B Bl 1) &)y i i 1k
Wiz a7 i 6 R

J3 8, ] R T BUA 1 Tk HLARCE 7 2 4
P % s L, e 22 ISO - Graft 1200 HLEY R, 33
TR 12 AU AR 2> BESE A 4 B el B A BILAR
T A 58 BURRHE AR 9 35a 1 MORS JEE B
7 s o Horp SR o0 B S 44 11 i a8 T U 8
e B 7 3, B N A AN A R SE LR SR L B A
PEAT RIS , DL S IR

H A ol [ | P B 2 25 [ 5 R RO v A i 6 077 1



2017 4

Kl 6 4 ik s HL

Fig. 6 Seedling transporting mechanism

&7 1SO Graft 1200 %I 5 3y &+ L % 18 WL
Fig.7 Seedling transporting mechanism of ISO Graft 1200

b ol A V8 AU R AREH R 27 DL K AR AL ARl
R2E 58 R 0 J5 W AR TR] B 45 N T B 3% i i ity
PC A R PR B2 26 HUBRRE 6 1 5 . U ILRAR AR
FHIMLIREREARC &G T R, BB T8 A R
A 7= 1 8 Bl A I A 1 152 &, B 8 S5 B0 I R 1Y
H sk IR IREC B g AT ik
PEi AR E k0 B 3h ik, i R & T IR AR R0%
3.3 BR.EARYIBIFA

fili AR DI 2 B SR i R b R A B — 18
¥, 05 K VIH R R A T B O E ) B LR
AREE Z IR 28 5 ) 2 B 04 T T R e I 2 11 B
Ty IR BB 0 B 2R DL BRI S . R, AT
SEUIHI R AR BB ARNE T ZHE, H
R SR A 22 (9 DB R R A e s U0 R
FAE) 45 05

[ kKA 7E 20 28 90 SRR BT T —Fh
TR T WAL e e — A e B IR A B — A
BN T T B TR B 58 O il A R 1 YD 22
RSB S 5, i T B A I 1 e B DI
(B0 I~ A2 A ODE0 Af R LD E I FR AN 8] 8 R, X
T AL AN — AT 2 D) 0 A2 36 AT ) B 52 8 %) Al AR
FBEAR B UIH], 98> 1 TARFRE A FR AT, B AR L,
(Egc

B T ie s U1 E) 7 XA, B A As B o

8 iERE s B K
Fig.8 Cycle cutting principle

CRiORU O INE I I I VB SR 7 1 o7 LT
&9 T/ J&— Fh A0 9 0 05 3 0 e B )
TE DI ACEL A 8 T FE AT UTHI AR, 2 85 T DI
SCRAL U1 22 VT SR A A R A UTE 4
ZEFPE R U 1 2z U 5 SR AT D) I
R Oy B AR B AR o | S 2 [ ST
AT AL A A 1

Ko &k
Fig.9 Slanting cutting

ALAFDLT O T % IR G R iR L
TR SR A R 5 2R A VI i Yl O K. F
DI I B ) AL, e VI Bz 3l U7 1] 45 40 i =5
R B R R AT HLIB S UIHI o ZVTEI 7 X — &
F T afi Bk 4y B 12 05 BB 455 1 A st R
Unes 2219 1SO Group A= 7™ i) F F1l I Hi HLAR J2: 2R JH-F
Ik iU 75 3o A R Al K A ) Ay B 4 A
RHEHHL R A TR IR Iy s AR
IV B Y101 T 2, A A SR T T A R U
IHI 7 Ko
3.4 B BEAERGBEEHER

B HIL 1A B 4 B ) R R B A T ) BTG R
BB BRI D0 B R E A IR Y R
ATl FEARRE A [ E AR AE A B S
Wk A O o AR AN TR] B0 B O U L R T E



%3 1

KR 25 B A SR ESOR DR BUR S & R o A 7

(05 AR, 76 B 3 16 He 400, % ik R T A ot G
W EHEE B IR RO E A ARG
7T A A

Wi e SIG AL ML A AR e B i 5 M) T B e e
PEATIEE o DT AR L A Sl 5 2 X sk
IR A s e AT A F LY. —REk
oK AR 3l 8 75 708 I 3% e AT € 1 HE S SR U5 i o
I 2% Je th e e B 0 AT i e T 10 2 v [
AV R 27 BF A G SR B AL R Y — i i R
BV AR 2% e Ml AT AE R Y S I A B R L
B8 DI 2 ph TR I T R AR A 5 R R TR 1Y s e 3
BRAfE P AE 3K e UL A9 T He AR il 3l R i IR AE R
T HE A B T, T i 98 B s 1) 9 0, 6 26 422 S
T 5 it 2 Je LA 3 18 e R AT S I Je T B A Bk iR
(G £ L - W (B e N N RS S e R - N
2 A~ Hs o T B s A Tk 45 Je [ AT ) ok A R [ A
24 il A AR AR AL B 52 B8 B e ik 2 0 4 XU K
P AE B ik e a0 1 TR 4 R e b BEOA, 58
IR A o

PRI

ik 3
EF _,u’*"‘

K10 A 3hk et

Fig. 10 Automatic clip sending mechanism

T 4 LK 5, 7 52 S 1) 2
BHYEER L WU B TR R R B B 3R LY
e AR B DL R 4 B 17 3 A L2
S B I 11 TR , VO BRI 195
LS 9B, A TR BB S 61 4 1
Wbt o 6 205, G 20 AR AT, 7
ACHE M T TR B AN M 5 A 6 0
LY 1A S 5 B o 5 M (6
BRI Tt B 0 R AL
PSR IR H B O 2 L3 R
B 60 S, B R i, R 5
R 1R

BEb o Al K T SR LR
HIRL BB B . SIS, B R
e 2 B4 LB T S 1 45 S, 2 I LA
HIGE I H B BB 00 11 3 1S, 1 5 1

s
/oj i3y \
o i
HH?Z%gA%A%%%AV%
i i !
it ==
o TR
B e
§i .
= — -
K11 AR E
Fig. 11  An automatic pin sending mechanism

WA 12 frR . I ERE R XL TR EE T
YERY, AR fEA [ e 1 B[] AR R, i &4
AR H R R T UK ), 2 )5 P A LAt 2B e T
ARAE .

GRVINTESE
Fig. 12 Automatic tube sending mechanism

3.5 ANBERKEHER

B A BB IEAE LW R 2 T4 £ AT AL
A 0 BIRVR VE AL, A 16 2 3o X T LA 3 30 i I ]
5 B 2 (R 3 R[] 25 3 SR o, 1 ) R e i
Bk R T A SR B R G IR AR IR R i
UGBS Z i bR, BHT, 53K A SR R
G538 W LB B PLC 5 PC HLIE B EE I 28, — 7
TG 3R AL 6 H T 5 LR T 5 46 28 LA R $E A S
S AL A B, 53— 7 T 5k 24k v % L B S0 2 L
SEFRAT A X IAT LR CRLAE T3k T 45 ) AT B
5 ) B 45 o 0 L R 9 4% 40 AR T o A
P TAE " H s 13 BR

3 4 1 R AR B BF 8 56 T LUK, i R 48
WA T — AW 5 1 5 A, oh 0 10 4k L 2 4



8 & ol HLOM ¥ R

2017 4

e —

itk

' -
1 tr
il iz}
l %]
Ei/s
it

P13 i A Y 4 ) AR A

Fig. 13  Common used control system

il 8 % J R BEAE 1 32 22 LA PLC B 5 AL Ok 45 ) A
LR R G, T PLC & H] T & % i) L% 3
Bt pRRE R, AR BT BE S LA B O R
Z W IR AL 22 5% AT PLC Ay #2158 5 i 4 F —
Be /N IR LA R GG, 328 IR B AN RS AR
NRER I o, Z2 e 00 R HLAE i oo, BEE
PET B AR K, o 5 v TR e AL 10 AT 45 4 1 R
PR HE , BOR B 22 1Y 1% BT BOA B 45 T Be Wl v T
P R G, A 45 ] 2R 48 i 58 UFE B 0 A 42 = < 1SO
Group Machinebouw 2\ %) i 33 X} 45 i & 46 19 15 & 4E
JR,JF % TS F PLC Y4 [ S gL s e R A
Ml R 2 A8 55 R T AR AR ik 485 B B R N T B R AL
T Al A Ak T A R S P (R
AN A FEZER A % PLC & PC R 1T T4
B, T b Y 4 ) s O R AR, TR & 4% T PLC
fr 5 AT VAL PCOMLAY S B ab B AR ST o ok
SEPUR B R RGER DI RE S 201k, REHE AL, &)
B R Y .

4 BRFEBHMUKEHEHEA

B b3 Y A% I G B B R Ah, B A A 7 )
PEEAR BAR AR S BB 2% A s A I e iy b Z R,
HCREW (2 HE B 3¢ 1 Sl IR W T A, OF B 35
IR EAL R PERE R BL, Horh TR 08 BRI E 1] 7
Tl B3 AR S 3 AR R AT 5T 5 B2 1 BT B BER
4.1 BHHEEARNITENATRMKZAR

AR BEH H s IR EOR B SR K i, O 2
1 TR R TR R B2 e 5 R RE AL R R ] PN A A
A LR EBOR T, B 2 P18 I8 BOR T 4b
AR T R TT I B 3 E ) A K R B A Bl
LRI AN K S R Rl N S LB Il G W R Y
EE R

AR EE T 5E PG AL B B 1 R R T BE £
ARBAT AR AL IS B 1 A9 09, R R BT R AR 1 2
AEMGAR B G AR Ak B 2 J5 B 4 9K S AT AL

— MR FE LR L 0 R G OB IR O AE B Sk R R AL .
FURRAE R ER AL 3R S8 HL A8 058 PR A e
N R PR AT LR AL

H R B 1 58 AR B2 iy FH 3 S B v 1) 32 2
Sl AR ER D B A Ml K 27 A H A 550 #8027 Bk
BHFFER 3D ARER B R TR R
BEIEVEL 3 RGHE T IR AR G 5 ~ 40 d XI5 422 1 1
T B WA O, 15 I B A A 0 ) 4 4 vk
oA M TR R E KT 2% IS0 Group
Machinebouw 7 F) £ 85 3% B v A A0 3 52 AR S B 4G
IR 2 B A KRB, SRR R B F B
2011—2013 48 fy H A 52 #8 K 2 i iz 4Rl K 2
WEFE T T 0L &% 038 1Y 3 A 00 ) I HE AL AR
AR LR AR T R PL A L R R
A H EE i U R 7 S 2R TR AR OR
O G820, IR R I A E 979% 1

TE [, 2003 A dy e [ R Mk R 2 30 S 6 L A% L
U VAL R e P TN R Tl NI E ) Dl AL L
Tk AL B AR 38 5 R E i AR I S I 5 1w A
e R A R R AT A SR, i PCOBLBIF A 45 o 55
25, T PR LR X B 5 T 5 B AR 2R AT UE A E L
Sy E SR E 4 A S F AR LR . FRE
BN AR 2 S LRSS 13T LabVIEW 7
IR S By 28 496 18 06 4 90 1 ARG 0 2k G e ik
A0 R B e 60 B (R R ARG AR ) 1 R B R B
JEE R A3 AT SV 1 A KR B0 RN AR BRRAIE , DA 36 B
R ERIE A o A, U B Al K 2 SR AL A L
0 PR A BT i A 1 AP %6 6 1) PR 31 A 4 e 7 it 2
LS 5 9K B VI FE AR 580 Rl R TE R BE T, 42
e VPR M M B, T i i A T R 5 e AR
M R 2 LA R P AL R AR R 22 AR I e R h il ] T
BLAS L 38 15 AR K 58 188 3 1l R 1 B 3l & 1] )
H TR N O o L R S I R R, B S R
SR CYNENIRE 7k 7K R S S o R RSN
E e VRS Rl S N R A G K TRl o I NI - R
5B, MEEN ARBIRREM T A 30y &
il
4.2 HMEFEXBHUFENERBHREAR

Fe g PR R A T AR I AERIES A
— 2 BOR WNEA A B ISR A AR O T
U HIATL R HE B V0 B fili A 1 09 0, BEORIE RS Bl R
W J FF 1) 5 1l 5 1] B 4 ML DD T 0 1 30 il R - i
KI5 1w 1 — Bt BB R SR, BT SR T
1) & I 5 1 e AR — B0 T 5% W il R - 1 A= K 1)
(1) X A 22 2 4% Ao N o 7 s R i e T

H [ Ol KA BT T — B KORL Rl 2 1 1 L



%3 1

KR 25 B A SR ESOR DR BUR S & R o A 9

Hay , BEBUAG SR IR (15 T 254, — 7 b 2 15 I 74 2 ol
TE R, B T AR TS A R A TR
oA KA A HES T 1A, AR E K 4
ROl —80 B AR RO K I R T
HERPE E T H AR B f E 17 25 Ff L URD SR Sl A X
e 1ay Lo s AT U A BOR, AT S BRI B 1 45° %2
R AR RN DA AR R R B Tk
Ll 1 A HLAG ™ R 1 AR 3
T R 0 b S g7 A R, AP TR AR BT i Sl A
Wl 5t 2 I AE 9 51 3 o 1 R E R Bl
ol 38 1) e 25 VRN YA T R BT AE T A
15 V& A SCAL, 0] 52 BN RORL B K Al PR 450
7 1) i e 2F DV A — O AL T AL O B E
I 7 AL HERH o ZR AL AR A BT 1 OB 1 98 1) A
Al PP AL 32 B B 1] KRR A T 16 TR R )
S (07 M RIS W 458 2R, R b 8 1) s AR 3 7
GRPUIE L JE 1) F ik B SR B R B T 1 — 2, —
UAEFRSIAE AT [ 8l 58 R 1 ) 5 A IR
TR UL 1 N (U I

5 ZHr5itig

(1) 4L A sh AL 5 i

BLB BEAY A5 R R A SRR LR A B AR Ik 3%
PRV S A Bk, 7 2y S b AT N TR Bl A
TEN T B A R4 i Rt & 20 Ok s . H AT,
I B P DI A S O gt S B, A Sl HCE At
B R A SR R I B AR R AR R B S il
IEAERF B Z AT 58 R 1T, A sh L a AR IE
WA B AL BT N W S o B R R AL

MOk A B3 B ik — 2 00 8% A s 3L 4 A s ik
T JBE 1Ay S5 B AT LA Sige ke 55 2l g Dk /0 AR it SR 5K A3
20 &, IRLIE , Sl AR JEE B 42 v ] I 2 K 1 L
NEEAR K S NAER K

(2) BEALZHLAG 1 Ml L5 T

AE e H AR 2 A Sh IR LR S, b & 4 22 1Y
H S A 7= 2, 4 i SR I S LA N A i 2
BT IRR A B A IR H T R R AT A S AR X RE Y
I8 e UL T 249 3 IR FE ML A N IR %80 R 1 000 #k/h
E 30T BRI AL 0 6 1) ORI B, 47 A I 4 L
BREEAT FERE , I H2 280 R A JC VA A9 3 B R A R
I, B 0 BRAR  WIF T T 2 R 4 B R IR R Y A
IR RS, AR IHOR B IR R

(3) [l 4% X 3% 05 i

B4 B K A 7R AT AR B Z R R AR UE LA A B
A TR, S B HE B 5 3 I A R IR 2 SO
il 297 i SR A% ML B F 5 B X R HE T LR . AR
R LR R B R A SRR el I OB B
g — A SR, L, BB B V) i 2 4 R 5 R I
Fe BILAHE IO 9 3 3 2E 7 A v L R BF 5 A 2 Y R 2
AT %

HE T A S EAR b G AR S 1 e 3 A B
TE B B 50 AT S ML 5 Al B e 2% 05 18 5 o3 )
5 AN T BE S 0 S T i, (R I 25 5 T D0 A
e AR EL IR R B A T8 93 B B 428 7 e A v
A IR R, (3 T {68 Bl 0 e A N RE AR, AT
P e I ML BB 9 B S T L T 1 AN [t O I 4 R
(1 45 A L B R AR X 48 N B I AR 755K, AR T
IR R AR NI o i

z £ x #

L 0. AERHE 3 B KRR BESE [ D], Jbat: v E AL K2, 2002.
CHU Gaofeng. Study on automatic grafting technology for solanaceous vegetable[ D]. Beijing:China Agricultural University, 2002.

(in Chinese)

20 S, TEMOR. E A SM R IR LA R BRI ], ARAeAOL K "#4), 2007, 38(6) : 847 -851.
GU Song, JIANG Linbin. Development of domestic and foreign vegetable grafting robot[ J]. Journal of Northeast Agricultural

University, 2007, 38(6) : 847 —851. (in Chinese)

30 WAL 0 IR B SR A T R R R R B[ T]. hEESE, 2011(2) ¢ 11 - 23,
YU Jingquan. Progress in protected vegetable production and research during ¢ The Eleventh Five-year Plan’in China[ J]. China

Vegetables, 2011(2) : 11 —=23. (in Chinese)

4 REE, RAEE. ENSBRBEBORII R (E) [J]. KL, 2000(8): 1 -4.
ZHENG Qun, SONG Weihui. Research progress of vegetable technique in the world [ J]. Journal of Changjiang Vegetables,

2000(8) : 1 —4. (in Chinese)

LEE J, KUBOTA C, TSAO S J, et al. Current status of vegetable grafting: diffusion, grafting techniques, automation[ J]. Scientia
Horticulturae, 2010, 127(2) . 93 —105.

TIAN S, DONGLEI X. Current status of grafting robot for vegetable[ C] // International Conference on Electronic & Mechanical
Engineering and Information Technology, 2011, 4:1954 - 1957.

SUN Q, ZHAO D, WANG C, et al. Design of a sapling branch grafting robot[ J]. Journal of Robotics, 2014. 1 -9.

8 NISHIURA Y, MURASE H, HONAMI N. Development of a gripper for a plug-in grafting robot system[ J]. Acta Horticulturae,



10

& BLOW o R 20174

9

10

11

12

13
14

15
16

17
18
19
20
21
22
23

24

25

26

27
28

29

30

31

32

1996, 440:475 - 480.
NISHIURA Y, MURASE H, HONAMI N. Devlopment of plug-in grafting robotic system[ J]. TEEE Internatlonal Conference on
Robotics and Automatlon, 1995, 3.2510 —2517.
TIAN S, ASHRAF M A, KONDO N, et al. Optimization of machine vision for tomato grafting robot[ J]. Sensor Letters, 2013,
11(6): 1190 —1194.
COMBA L, GAY P, RICAUDA A D. Robot ensembles for grafting herbaceous crops[ J]. Biosystems Engineering, 2016, 146
227 -239.
WAL, KBk, B, . AR IR A SRR E B SR [ J/0L]. R HLRER , 2016, 47(10) : 28 -34. hup: /
www. j-csam. org/jcsam/ch/reader/view _abstract. aspx? file_no =20161004&flag = 1. DOI:10. 6041/j. issn. 1000-1298. 2016.
10.004.
CHU Jia, ZHANG Tiezhong, LI Jun, et al. Design and experiment of automatic planting device for root-cut grafted seedlings
[J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2016, 47(10) ; 28 - 34. (iin Chinese)
KM, 7 )R HEABH#EE ARy FOBFELT]. REEME2E, 2011, 73(1): 19 -21.
KRB NRBE. 7 ) FHEEARKEMNADAEREDHIECE | i— —A AR ABATCREDOMRESM) [T]. H¥E
WA 2E 25k, 2013, 75(2) ; 100 - 107.
ISEKI CO. , LTD. # X A gk v | [S/OL]. http: / www. iseki. co. jp/products/nougyou/tugiki/, 2016.
EC21 Inc. Supreme precision grafting robot[ S/OL]. http: // helpersys. en. ec21. com/Grafting_Robot--2012260_2012262. html,
2016.
ISO Group, Inc. ISO Graft 1000[ S/OL]. https: // www. youtube. com/watch? v =aleXOfLTHyY, 2016.
ISO Group, Inc. ISO Graft 1200[ S/OL]. http: // www. isogroepmachinebouw. nl/nl/isograft1200. html, 2016.
ISO Group, Inc. ISO Graft 1100[ S/OL]. http: // www. isogroepmachinebouw. nl/nl/isograft1 100. html, 2016.
Conic System Inc. EMP —300[ S/OL]. http: / www. conic-system. com/wp/gallery/51-27 lang = en, 2016.
Atlantic Man. (S. R. L. ). Semi-automatic grafting machine “GR 300/3” [ S/OL]. http: // tech. atlanticgroup. it/en/products/
semi-automatic-grafting-machine-gr-3003-patented, 2016.
k. 2JSZ - 600 BB B A EIEALLT]. b | gHil, 2000(21) : 42.
B, XK, gk, SUF BSOS (1], RV, 2009, 40(9) : 175 - 181.
YANG Li, LIU Changqing, ZHANG Tiezhong. Design and experiment of vegetable grafting machine with double manipulators
[J]. Transactions of the Chinese Society for Agricultural Machinery, 2009, 40(9) : 175 - 181. (in Chinese)
W, SRk RNV SRR B RAR R LA N B S8R [J/OL]. RO HLE R, 2014, 45 (45 ) 1259 - 264,
http: / www. j-csam. org/jcsam/ch/reader/ view_abstract. aspx? file_no =2014s142&flag = 1. DOI.10. 6041/j. issn. 1000-1298.
2014.50.042.
CHU Jia, ZHANG Tiezhong. Design and experiment of vegetable grafting robot operated by one-person for cucurbitaceous
seedlings cultivated in humus pots[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2014, 45 ( Supp. ) :
259 —264. (in Chinese)
B, INEE, TRER . B IR LS AU R BRI SR [T]. AL HU ], 2007,38(9) : 94 - 97.
ZHAO Ying, SUN Qun, ZHANG Tiezhong. Mechanical system design of grafting robot for nutritional bowl eggplant seedlings[ J].
Transactions of the Chinese Society for Agricultural Machinery, 2007, 38(9): 94 —97. (in Chinese)
AR, IMEE, TR B SR IR AL AR R Gt [T Rk AL 4, 2007,38(12) ¢ 225 -228.
ZHAO Ying,SUN Qun,ZHANG Tiezhong. Mechanical system design of grafting robot for nutritional bowl eggplant seedlings[ J].
Transactions of the Chinese Society for Agricultural Machinery, 2007 ,38(12) :225 —228. (in Chinese)
HE AR K . —Fh A SR BEHL P E |, CN201210342667.0[ P]. 2012 - 12 - 19.
Wt , 218, B, S5 RS UG AUR R T R S5 R AR 2B [ T]. Rl TARAEAR, 2014, 30(4)
25 -31.
YANG Yanli, LI Kai, CHU Qi, et al. Air suction clamp structure of rootstock cotyledons for inclined inserted grafting machine
and its optimized experiment of operation parameters| J]. Transactions of the CSAE, 2014, 30(4) : 25 —31. (in Chinese)
ZHl, AR, KA. BRI AUHR 58 (1], Rl LR, 2012, 28(4) : 8 - 14.
JIANG Kai, ZHENG Wen’gang, ZHANG Qian, et al. Development and experiment of vegetable grafting robot[ J]. Transactions
of the CSAE, 2012, 28(4): 8 —14. (in Chinese)
ANPREFF, BERBET, KBS, v )BT EARRBRICHL T 2 A A REOMIELT]. R ERMNY S5k, 2011,
73(1) .57 - 64.
Bl AT, K%, % RSB SRR LA TR Sk U Bt [ /0L ], RV P44, 2013, 34(2): 63 -
68. http: // www. j-csam. org/jcsam/ch/reader/view _abstract. aspx? file_no = 20130213 &flag = 1. DOI;10. 6041/j. issn. 1000-
1298.2013.02.013.
LOU Jianzhong, LI Jianping, ZHU Pan’an, et al. Optimization of suction head of scion clamping mechanism for vegetable grafting
machine[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2013, 34(2) : 63 —68. (in Chinese)
H R JREHEENL B 3 R EARWTIR D], B IR MER R, 2014,



%3 1 KR 25 B A SR ESOR DR BUR S & R o A 11

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

TIAN Yufeng. Key technonlogles of automatc seedling feeding system for cucurbitaceous grafting machine [ D]. Yangling:
Northwest A&F University, 2014. (in Chinese)

EVARR. BSRIKEALA A A 3 B BB SIS D]. AU WL TR, 2013,

WANG Zhelu. Design and expeimental study on the equipment of feed seeding to the grafting robot for fruits and vegetables[ D ].
Hangzhou : Zhejiang Sci-Tech University, 2013. (in Chinese)

XK F . BREEYL S A B Sk REMTIEID]. bt ER LR, 2000.

LIU Changging. Study on the automatic feeding system of the grafting robot for vegetables [ D]. Beijing: China Agricultural
University, 2000. (in Chinese)

W5t %, IREBEEYLICT EROCHBORTIF (D], BUIN WL LR, 2014,

YANG Meng’ai. Study on key of technology of taking seeding of melonwith matching to the grafting robot[ D ]. Hangzhou :Zhejiang
Sci-Tech University, 2014. (in Chinese)

RASY. B ECHE AR D], B IR MR R, 2015,

YU Weifen. Key technologies research of automatic seeding offering machine[ D]. Yangling: Northwest A&F University, 2015.
(in Chinese)

THF. BT BB REB D], AW T AW TR, 2013.

WANG Qiao. Research on the control system on automatic pick-up seedling mechanism[ D]. Shihezi: Shihezi University, 2013.
(in Chinese)

W, WURE, U, S ARBRENES AV BRI [ T]. gl TR, 2008, 24(6) :129 - 132.

LI Ming, DAI Sihui, TANG Chuzhou, et al. Simulation test on plantlet-cutting mechanism of grafting robot[ J]. Transactions of
the CSAE, 2008, 24(6) :129 —132. (in Chinese)

FZHl, OCHI, sk, & BSRIEEILA A D B BB 5K [T]. RS, 2012,34(2) : 76 - 79.

JIANG Kai, ZHENG Wen’gang, ZHANG Qian, et al. Design and experiment of grafting robot cutting device[ J]. Journal of
Agricultural Mechanization Research, 2012,34(2): 76 =79. (in Chinese)

M, REGR HWE, 5. ARG EIRE LI B TAES B 588 (1], &l TR, 2016, 32(22) : 86 -92.
TIAN Subo, SONG Chuancheng, DONG Song, et al. Parameter optimization and experiment for cutting device of muskmelon
grafting machine[ J]. Transactions of the CSAE, 2016, 32(22) : 86 —=92. (in Chinese)

XFAR, AL, 2JC—500 B A S I SR [T]. RULALHEF , 2008,30(2) : 119 - 120.

LIU Baowei, GU Song. Clapping and cutting mechanism of scion for 2JC — 500 grafting machine[ J]. Journal of Agricultural
Mechanization Research, 2008,30(2): 119 —120. (in Chinese)

BT, Rk, LY. WA SRR AR DT ML AT ()], Rl T4z, 2008,24(9) : 79 -83.

ZHAO Yanping, ZHANG Tiezhong, WANG Hongying. Cutting mechanism of root parental stock in automatic sapling grafting
machine[ J]. Transactions of the CSAE, 2008,24(9) : 79 —-83. (in Chinese)

BT, W, XK. B S GBI\ R e HERe TN BLR RO ). e A K22, 2000,5(2) - 34 ~36.
XU Liming, ZHANG Tiezhong, LIU Changqing. Study on robot system for auto-grafting of vegetable—design of the rotary cutting
mechanism[ J]. Journal of China Agricutural University, 2000, 5(2): 34 —36. (in Chinese)

XUHL, B, 24, 5. RUKZEABHEE A AR IR P I pr s [T]. Rl TR, 2012, 28(16) : 23 - 28.
LIU Kai, YANG Yanli, LI Kai, et al. Experimental study on rootstock cutting mechanism of pipeline grafting machine for
solanaceae[ J]. Transactions of the CSAE, 2012, 28(16) : 23 —28. (in Chinese)

AL, K, EF, F Bk A HT e m R [T]. R HLIAE R, 2012, 43 (38 T) - 256 - 261, hitp: / www. -
csam. org/jesam/ ch/reader/view_abstract. aspx? file_no =2012s53&flag =1. DOI;10.6041/j. issn. 1000-1298.2012. S0. 053.

JIANG Kai, ZHANG Qian, WANG Xiu, et al. Design for automatic sequencing and supplying device for grafting clips[ J].
Transactions of the Chinese Society for Agricultural Machinery, 2012, 43 (Supp. ) : 256 —261. (in Chinese)

HERPM, ke, i, 5. BREHEIKE R H PR E TAES BT[] Rl TR, 2014,30(6) .
9 -16.

TIAN Subo, YANG Jifeng, Wang Ruili, et al. Optimization experiment of operating parameters on vibration sorting-clip device for
vegetable grafting machine[ J]. Transactions of the CSAE, 2014, 30(6): 9 —16. (in Chinese)

WRIE DL T ThT B2 5 000 0 Bk 30 3 1 e sUIR B AL G SE BRI SR AR AB [ D] BN - #F LR, 2014.

CHEN Zhengbei. The key technology study and parameters optimization of pin-connected solanaceae vefgetable grafting robot
based on slaned cutting surface[ D]. Hangzhou:Zhejiang University, 2014. (in Chinese)

W, TRk, TR, AR B EE A S BN R B E RO 5K [J/OL]. RALHU R, 2016, 47(2) : 64 -70.
http: / www. j-csam. org/jcsam/ch/index. aspx = doi:10. 6041/j. issn. 10001298.2016.02.009. http: / www. j-csam. org/jcsam/
ch/reader/view_abstract. aspx? file_no =20160209&flag =1. DOI.:10.6041/j. issn. 1000-1298.2016. 02. 009.

CHU Jia, ZHANG Tiezhong, ZHANG Libo, et al. Design and experiment of tube-outputting device for vegetable grafting machine
using tube-grafting method[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2016, 47(2): 64 —=70. (in
Chinese)

FHRC, skikep, 2%, & BT PLC BY—Fh iR HE B Shig e MLl R vt (1], RAEDESY, 2017,39(5) : 75 - 83.



12

& BLOW o R 20174

50

51

52

53

54

55
56
57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

YIN Quan, ZHANG Tiezhong, LI Jun, et al. PLC control system design for a kind of solanaceae whole row of automatic grafting
machine[ J]. Journal of Agricultural Mechanization Research, 2017,39(5) : 75 —83. (in Chinese)

B, sk, RAeT, % B A SR ERNER R it (1], HLR LA, 2009, 26(10) : 52 -53.

XIANG Weican, ZHANG Lu, WU Chuanyu, et al. Design of control system to direct insert type automatic grafting machine[ J].
Mechanical & Electrical Engineering Magazine, 2009, 26(10) : 52 =53. (in Chinese)

T e, sk, XIBAR. B EYLE R0 B Rt [J]. R HL#R, 2005, 36(5) : 90 -92.

LUO Hui, ZHANG Tiezhong, LIU Xudong. Design of a movement controlling simulation system for vgetable graf ting robot[ J].
Transactions of the Chinese Society for Agricultural Machinery, 2005, 36(5): 90 —92. (in Chinese)

WA, IR, KAz, 4. T PLC AR RGBT (1], P EKIE, 2012(1) : 159 - 161.

FENG Qingchun, ZHENG Wen’gang, WU Ying, et al. PLC control system design for automatic grafting machine[ J]. Chinese
Agricultural Mechanization, 2012(1) ; 159 —161. (in Chinese)

A BBk AL TR CPU 8 36 Akt B HLB A B R 41 0). ol S Ml k4, 2004,9(5) 2 59 — 61

YAN Junjie, ZHANG Tiezhong. Control system of grafting robot for nutritional bowl based on double CPU[J]. Journal of China
Agricultural University, 2004, 9(5) : 59 =61. (in Chinese)

B, skEkp. PLC7E A S IGHEAER RGP A LT]. A ERL R4k, 2004, 9(6) : 53 -55.

ZHAO Jinying, ZHANG Tiezhong. Application of PLC to control system of automatic grafting machine[ J]. Journal of China
Agricultural University, 2004,9(6) : 53 =55. (in Chinese)

Ford, waE. REHMIL PLC R REMRT]. A&, 2007(4) : 37 -39,

AR BERBIEN R RIDRLT]. Rl LREOR JR=E 2, 2009,31(12) : 26 - 30.

BEE, SEAN. ARSDR R BORAE 4 B SR RHR BN BRI L)) A PLAEBTSE, 2009,31(12) : 181 ~182.

LIAO Wang, GU Song. An application of touch screen for automatic grafting machine[ J]. Journal of Agricultural Mechanization
Research, 2009 ,31(12): 181 —182. (in Chinese)

TURE. T EUR AL BEEOR BB SRR R B 8@ RERTFEL D] Jbat: sh EALE R, 2003.

NISHIURA Y, YASUKURI Y, HANANURA J. Robotics and system technologies for raising and grafting seedlings[ J]. IFAC
Proceedings Volumes, 2013, 46(4) :336 —339.

WANG Y, TIAN S B, QIU L. C. Application of machine vision in grading and identification of grafting seedlings[ J]. Advanced
Materials Research, 2011, 418 —420. 1705 - 1708.

WER, K, AT TGN A GRS IR T]. ol TR, 2013, 29(24) : 190 - 195.

HE Leiying, CAI Liyuan, WU Chuanyu. Vision-based parameters extraction of seedlings for grafting robot[ J]. Transactions of the
CSAE, 2013, 29(24) : 190 - 195. (in Chinese)

T, HRME. GGG s R R[], RULLHES, 2016,38(3) : 86 -90.

ZHANG Lei, TIAN Subo. Visual recognition system on gap of grafting seedlings for muskmelon grafting machine[ J]. Journal of
Agricultural Mechanization Research, 2016,38(3) : 86 - 90. (in Chinese)

K, PR, AT BRSBTS B e I Ok [T ] RO DR, 2015, 31(9) - 32 -38.
ZHANG Lei, HE Hu, WU Chuanyu. Vision method for measuring grafted seedling properties of vegetable grafted robot[ J].
Transactions of the CSAE, 2015,31(9) : 32 —38. (in Chinese)

ASHRAF M A, KONDO N, SHIIGI T. Use of machine vision to sort tomato seedlings for grafting robot[ J]. Engineering in
Agriculture Environment & Food, 2011, 4(4) :119 - 125.

TIAN S, LI L. Application of machine vision in seedling automatic grafting robot[ C] /2011 4th International Congress on Image
and Signal Processing, 2011, 31405 - 1408.

RHM, B, tReeARE, . RS AR RGNS ORI LT]. S ML, 2014, 32(1): 28 -31.
YAN Zugen, LI Ming, XU Kefei, et al. High speed robot auto-sorting system based on machine vision[ J]. Packaging and Food
Machinery,2014, 32(1) : 28 =31. (in Chinese)

H—, B, TR, PLaE IR KR RBEHLT]. IR L bRk, 2008, 19(1): 9 - 12.

ZHANG Wuyi, ZHAO Qiangsong, Wang Dongyun. Actualities and developing trend of machine vision[ J]. Journal of Zhongyuan
University of Technology, 2008, 19(1): 9 —12. (in Chinese)

TEN T, NISHIURA Y, MURASE H, et al. Machine vision system for measurement of the rate of joining of grafted seedlings[ J].
International Symposium on Plant Production in Closed Ecosystems, 1997 . 425 - 429.

AI-MUIA Y A, AHMEDM, JAYASURIYA H. International conerence on agricultural engineering: new technologies for
sustainable agricultural production and food security[ M ]. ISHS, 2014.

NISHIURA Y, YASUKURI Y, HANAMURA J. Robotics and system technologies for raising and grafting seedlings[ C] // Sakai,
Japan: IFAC Secretariat, 2013.

TIAN S, ASHRAF M A, KONDO N, et al. Optimization of machine vision for tomato grafting robot[ J]. Sensor Letters, 2013,
11(6): 1190 - 1194.

CHU Y C, CHANG M Y, WU G J, et al. Development of an automatic outward-feature properties measurement system for grafted
tomato seedlings[ J]. Applied Engineering in Agriculture, 2006, 24(1) . 101 — 113.



%3 1 KR 25 B A SR ESOR DR BUR S & R o A 13

73

74

75

76

77

78

79

80

81

82

83

k. BT HLE L B SRR ALK B ShE MLV REWIE (D] Kb Wim Aol k2%, 2007,

LI Zhongqiu. Study of automatic orientation cutting system of stock in vegetable automation grafting based on machine vision[ D ].
Changsha; Hunan Agricultural University, 2007. (in Chinese)

WHISE, O, BROR, SF. BE T LS LG 0 R B SR E AL AT T [J/0L]. RO LB A= 4, 2016, 47(2) :59 - 63.
http: / www. j-csam. org/jcsam/ch/reader/ view_abstract. aspx? file_no = 20160208 &flag = 1. DOI.10. 6041/j. issn. 1000-1298.
2016.02.008.

TAN Minghao, CAO Qixin, QIU Qiang, et al. Real-time localization research of transplanting based on machine vision [ J/OL].
Transactions of the Chinese Society for Agricultural Machinery, 2016, 47(2): 59 —63. (in Chinese)

Wi, BHE, EE, S TS E B OSSR RS [J/OL]. R AL, 2013, 44(6) : 232 -235.
http: / www. j-csam. org/jcsam/ch/reader/ view_abstract. aspx? file_no =20130640&flag = 1. DOI:10. 6041/j. issn. 1000-1298.
2013.06.040.

YANG Yang, CAO Qixin, SHENG Guodong, et al. Plug tray localization and detection system based on machine vision[ J/OL].
Transactions of the Chinese Society for Agricultural Machinery, 2013, 44(6) . 232 —235. (in Chinese)

ASHRAF M A, KONDO N, SHIIGI T. Use of machine vision to sort tomato seedlings for grafting robot[ J]. Engineering in
Agriculture, Environment and Food, 2011, 4(4). 119 - 125.

R B LABEE ARG SRR IM]. Jbat: P ER AL, 2006.

B, T, 2%, %, 5T RGN JORL Rl 5 [ A5 [T]. RALIBWESE, 2012,34(11) ¢ 125 - 128.

CUI Yongjie, DING Xian, LI Pingping, et al. Judgment of large seeds direction based on image processing[ J]. Journal of
Agricultural Mechanization Research, 2012,34(11) : 125 —128. (in Chinese)

BRI, XViEM , 205, 4. SORiAh 798 1] HEFh LA LB D se [T ). RAUEDESE, 2015,37(10) : 158 - 162.

CHEN Tong, LIU Haibin, JUN Jie, et al. Experimental study on adjustment direction and seeding mechanism for large
cucurbitaceous seeds[ J]. Journal of Agricultural Mechanization Research, 2015,37(10) : 158 —162. (in Chinese)

FLHa L, siegkeh, WA, 5. IR T ORLAD T 5E [ FEAD UL I BRI LT ). RBLALAR ST, 2017,39(4) : 73 -77.

KONG Yanshan, ZHANG Tiezhong, CHU Jia, et al. Research design on a directional seeding mechanism for big seeds of grafting
[J]. Journal of Agricultural Mechanization Research, 2017,39(4) . 73 —77. (in Chinese)

B, EAh, e, F. RN T E MRS R R E SRR [T]. R LA AR, 2013, 29(13) 15 -22.
YANG Yanli, GU Song, LI Kai, et al. Parameters optimization of directing precision seeder for large cucurbitaceous seeds[ J].
Transactions of the CSAE, 2013, 29(13) . 15 -22. (in Chinese)

WRIF]. JORLAR % 8] & LA it 3% ke B OCBEBOR BT SE (D] Bk - TUHURMAL K%, 2015.

CHEN Tong. Study on seed orientation positioning precision seeding device of key technology[ D]. Yangling: Northwest A&F
University, 2015. (in Chinese)

B, EAN, W, S OB TR RS R AR AL A BT LT] . R BLIEBTSY, 2009,31(12) = 68 -70.

YANG Yanli,GU Song,PAN Rugqiong, et al. Design of the directional precision seeding mechanism for big seeds[ J]. Journal of
Agricultural Mechanization Research, 2009,31(12): 68 —70. (in Chinese)



