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Industrialization Trends and Multi-arm Technology Direction
of Harvesting Robots

LIU Jizhan'? JIANG Yingxing'’
(1. Key Laboratory of Modern Agricultural Equipment and Technology, Ministry of Education, Jiangsw University, Zhenjiang 212013, China
2. National Digital Agricultural Equipment (Artificial Intelligence and Agricultural Robotics) Innovation Sub-center ,
Jiangsu University, Zhenjiang 212013, China)

Abstract. After a long period of exploration and accumulation, the global productization process of
harvesting robot is accelerating. With the increasingly irreplaceable demand for robotic harvesting in
agricultural production in China, many enterprises have entered the market and gradually opened up the
production and sales. However, insufficient work efficiency has become the core bottleneck for its
comprehensive industrialization and production applications. Based on the analysis of the efficiency status
of harvesting robots in China, the technology modes and the multi-arm approach of efficiency improvement
were summarized. And with the rapid development of agricultural harvesting technology in the future,
multi-arm high-speed simultaneous harvesting would become a global trend. On the basis of summarizing
the development status of arm design, vision technology, task and motion planning technology of multi-
arm harvesting robots, the development trend and goals of the industrialization of harvesting robots were
proposed. It was believed that the technological direction for the industrialization of harvesting robots
would shift from hand-eye high-precision positioning to strong comprehensive tolerance capability, from
specialized customized technology model to universal modular technology solution, and from complex
human involvement in professional equipment to an easy-to-use technology system for household products.

Key words: harvest robot; industrialization; multi-arm ; harvesting efficiency
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Fig.3  Proportion of labor input and cost in apple cultivation



510

NGk 2. RV RAHLE A7 b A HE TR 2 M7 55 228 o Ak B A E 1] 3

1.2.2 b 572 5 i ol

I I R R A LA AR A i & O T 20 47 A
MR TP 32 DA R R BRI BE T ) B R R 2R RS
BREHLIT & o 10 fER 2020 4 LIk, B &
N AR E DA 5 N B o N D N A S RS 1 = e A
ARG FIR G5 Bl i &R KA Ak 2y
2y i N CRAFALER N7, B 2428 B AN W TR 2L, 25 M 1
L F V5 B BRI A 3 e g e L L s T AR 4
HBHIE 31 o 85 Ak 2y S 4 S A OR B AL RS A Bk
FEERRFENL(FR 1), ¥ K TR i A R SR
A AR A AEY) P T 3R E R AL A =
NZIAE WS
1.2.3 hiEm

R F: L ATF I 2 A1 1 B, 2022 4 rp [ 3R 4l
BLEs A7 i [\ L3S 4 32.8% , 4F )y & M\ 2018 4 1y
25 GHEKE 89 &, RN, A 3R LA A M A
M 65 Ji A ou/ & RN 55.9 Jiot/ A, T E R4
BLAER A 77l 522 30 N T 21 A7 L Pl 1 K 1 R4 3
30

HR 5 3 L LA @3] | PG E T 45 & 0k B R A L,
FERAALEE AN A RV S 5 ~ 10 4F, B
Al BASE | il L 7 B S O T W
Joi o 5 R I 8B T 1) AN AR R N B ok
b AR = AR R T & A L, 3R E AT A R $ AL
AN 32 ) R B RIS, R T
Al J@ R SRy, anon N 1 [ sh A B R A R A A
AT 5K VLA AR L ML #s N R 3 M A ik T
5
1.3 7=l 4k 3 72 A 3 3R (8] 71 43 T
13,1 R0/ BUA LA A 4

AR P2l i “ HLgs e 7 R v fE s R
BAS A ) A A 35 AL 28 A5 B0 40 T 2 1 %0 o
T b AL g N B 2012 4R 23 /07 A
P P2 FF 2 2022 4R 392 f/07 N, BBk 3¢ E A
WA AN BRET S, E T ALER A AL 4 Bk
FAE 3 50% 2 5 i A i A5, 4R 3 v [ Al BL G
A P23 KA A AR, I 2018 4R F 2023 4R S5 4 Y
5 AR A E A ML A 2h 2 3k R e it A 0.3 T =R
HE12.6 TE (K 4a), o N ARPLAE 2 08 A &=
233 JTHRERTFZE 18.98 P (| 4b), Tl
BLES N AR AL B 225 Bl 3R S8 F1JC R R AL Y P a7
WAL SHE N I, B S 57 3h 1 A By R b
2018 4F3) 2023 F £ F T N THFHHEK 37.8% ,
v FH T 2 B SORI 3o, T A M B4 H £
51 Tl WL A ACHL A 3025 5 R 40 6 A A AR AL
T B AR R R A M A R A i v 1 [ B 5 A B

1 REEWEERBNZAT®

Tab.1 Chinese main harvesting robot productions
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Tab.2 Performance of harvesting robots in laboratory tests

PERKAE TTRACR, W%, ik
v e g VKA ISRGE, Bk Sk

WEM/s (Kb % 75
2012 FiFE 1 10.99 328 [30]
2018 #it#E 1 17.98 200 [31-32]
2021 3R 2 14. 60 247 72 [33]
2021 HAE 1 15. 00 240 90 [34]
2022 BRMEAE 2 8.25 436 90 [35]
2022 BrAEEE 2 5.86 614 82.1 [36]
2022 % 1 9.57 376 85 [37]
2022 ER 1 12.53 287 82.93 [38]
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Tab.3 Performance of harvesting robots in field trials

g TR TR s/

L/ OF SCHR P 5
W JE /s (Wb %
2012 ELAE 1 18. 54 194 88 [44]
2016 FHi 2 29. 00 124 87.50 [45-46]
2018 MEBEF 1 8.00 450 83 [47]
2021 Fi 2 11. 00 327 73.04 [48]
2022 BRMERE 1 6.50 554 88.70 [49]
2022 BREAE 1 16. 63 216 87. 67 [50]
2022 HJER 3 3.04 1183 97 [51]
2022 2 8.76 411 86.7 [52]
2023 IEH 4 5. 80 621 79. 31 [53]
2023 i 1 10. 90 330 87.20 [54]
2023 0t 1 2.23 1612 53.91 [42]
2024 TAEHE 1 15.19 237 76. 90 [31]
2024 fEMEEE 4 1.82 1978 90.5 [55]
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Fig. 6 In-situ collection method in robotic harvesting

(3) A S o b SR 52 L B i 2 H b L 4 S0t 4 B
AR R , 12 58 ST Je 15 B s 4 B J7 =X, D ek 2o
B B B 458 0 T AN AT A T 3 8 L A 5 R Y e

SR LI TS i N O AN
Bl T T A A T R 2 1 TR A
PLER B H bR e 7 2 vp 2R (48 ) R A Je— 37 — 1A
2 i A5 B0 R A 2 1 T AR e B E b
71— Y S5 B B [T oA ) A MR A S 1 A% 21 455 22 40
AR RRRE R T DT 5 A 0 £ 458 B 3 4 RE i 5 B0
R B o He ] 2 A

(4) IHILZSF AT FH Ji) 52 B SR 40 11l 14 f B,
RORSEBR AR R T B I LR R 59 H bR R,
ARIHEFE b 3 gk 7% TR SR 52 00 )z iy o X [] il
FRAHRAN iz AT A5 LA NS T iz Y i A]
i SR AR 1 Ml 35 R B A
2.1.3 HLE AR Z IS ZHELkte

X HURE SR AR LA AT, A B R A A R
A6 KA AR R A AE B BR . DRy B 3 4 Ok [ 9 S
FEN SV Tl o 54 AT 55 AT 32 A% A Bl ke
PR ORI R 42 T, 32 207 S0 45 AL AR A
PMER Z R AL«

(1) EHLAS N A 24 15 58— B R A bl AR A
MF R s SRR R 0 O A R PLAS N BRAT 4
BRUMET™ R—g e (| 7) SRR R
PO b B R AR AL e KR Je 5 nl HH [ 3 4k
23 () AR AR H B 0 AT, BE 8 AT R0 ke H R R 1
PLas NLE R Ge th T AAL ALY o el J= 4 o B ol
P BN H AR AN 4 A HE TR, JEA AL s 3
55 MORAF AL &8 AN AR L5 B8, MTIT 552 B i 5 1 1
BESEAEE o (R, 52 B IH E) M T AP O IR P A
02 5 DR 3R 5 e AT A A7 47 1 RS RE B R 1, A5 —R by
VEAE BRI S N e = S B W FH B T R . R —az PR AR
WP A i A R ORI B R, —R—is £
Re— 1z B AEA R RLASE AN [R] 1 9 60 AL 4% W3R b 4%
FIH

(b) Hi™-
K7 Hlds A 0R—I8 PME
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Fig.8 Multi-arm collaborative harvesting robot
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Fig.9 Multi-arm simultaneous harvesting robots from abroad
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Fig. 13 Technical components of robotic multi-arm

simultaneous harvesting
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