202241 4 &k MLk 2= i %53 % 1 W

doi:10.6041/]. issn. 1000-1298.2022.01. 005

HotiR ZE&FEMm XYL ANIT 51X

FEE AEH B & HEE KER

(L. PR AL A5 B S R TR 2 e, TEFH 1108665 2. 30 748 Al A5 B AL TR R BEFE h Ly, LFH 110866)

FEE X B AT H OGRS Tk R i 32 25T FL SR A 2R 0 0 I R, T IR AR T — A aT LR T H ORI E Y
PRI HLEE N o LA BE 08 75 A 22 308 (3] 3AK IF F 3h P00 2 0h , 56 R A B8R o AR 3R 1 L STMB32 fc 4% il
0 A6 2 v A R 4 i B B S R S HLER A MRS B 8%, R I B Raspberry Pi 4B i ffil 2% 9K 0 i) 9% )
AHBILAE Ay 1207 oA 1 TR 3 206 B G ko1 5 e e R A UL LTI K P W s i 6 1 bl B DLAREY , BILARE 46 35 T B A
W R SR RIS TN, BA B & R 8 N A W3 1 T LG 3R 3l 13 sh ALK A T [ ML A 24 i A
N BE A% J% 4% 38 1 Raspberry Pi 4B JiT 0K 8h /) 85 14 S 1R 531 55 40 B2, P38 3o o0 A7 B0 20 B0 280 35 J0n 110 A b B3 0 1% g &2
STM32 F5 il #5% , STM32 4 il 25 38 i MU 30 32 8h 24 /0 M IR shHLWUEF R 3L 5 THRET & I A a4, L & DUBUE K o
JGFKJM’E,EI]ﬂ;&IA%m*ﬁ%

EEW: HARE; TR MILEE A HUME ; R— FCN B b i w4

hE SRS $225.93 SERERIRAD: A X EH S 1000-1298(2022)01-0041-09 OSID

Design and Experiment of Tomato Picking Robot in Solar Greenhouse

YU Fenghua'® ZHOU Chuangi' YANG Xin' GUO Zhonghui' CHEN Chunling'
(1. College of Information and Electrical Engineering, Shenyang Agricultural University, Shenyang 110866, China
2. Liaoning Agricultural Information Engineering Technology Research Center, Shenyang 110866, China)

Abstract; With the popularization and development of solar greenhouse in recent years, more and more
crops began to be planted in solar greenhouse. At present, in the greenhouse garden, picking tomatoes
mainly relies on fruit farmers to complete manually, which not only consumes a lot of work force, but also
wastes a lot of time. Taking tomato as an example, a tomato picking robot was designed which can be
applied to solar greenhouse garden, patrol between greenhouse and ridge road and automatically identify
ripe tomato in real time, and complete picking and collecting after identifying successful tomato. STM32
microcontroller was the main core of this design. The Mecanum wheel omni directional mobile platform
was used as the mobile chassis of the robot, and the depth camera driven by Raspberry Pi 4B controller
was used as the recognition device of mature tomatoes. The platform on the chassis was equipped with a
wind compensation fan and a 6 — DOF horizontal sliding mechanical arm. The arm was equipped with a
flexible grip attached to a thin-film pressure sensor. The whole upper platform was driven by the vertical
lifting structure installed on the platform under the chassis. The sliding mechanism and the lifting
mechanism were equipped with ranging sensors. Through the recognition and capture of the camera driven
by Raspberry Pi 4B, the coordinate data of the ripe tomato was transmitted to the STM32 controller
through the serial bus. The STM32 controller drove the joint action of the mechanical arm, slide rail and
lifting platform through inverse kinematics analysis of the mechanical arm, and can pick tomatoes at
different heights and depths with the action of the end joint of the mechanical arm.

Key words: solar greenhouse; tomato picking robot; robotic arm; R — FCN target detection network
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Fig.1 Patterns of tomato cultivation
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Fig.2  Structure diagram of flexible gripper
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Fig.3  Physical picture of flexible gripper
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Fig.4 Claw pressure change curves for picking tomatoes
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Fig. 6  Pictures of tomato picking robot
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Tab.1 Hardware parameters of chassis lifting

platform structure
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Z S22 ¥ H AR/ mm 12
Z B HLHLAE /(N om) 2.3
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Fig.8 Flowchart of image algorithm
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Fig.9 Structure diagram of R — FCN convolutional

neural network
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Tab.2 ResNet structure parameters

BRE  fl RS BRE 18 HBRUR 34 HBRE 50 HRUE 101 BRE 152
7 x7,64, K2
convl 112 x 112
3x3MILE K2
1x1 64 1x1 64 1x1 64
3x3 64 3x3 64
conv2_x 56 x56 [ ]xz [ ]><3 3x3 64 |x3 3x3 64 [x3 3x3 64 |x3
3x3 64 3x3 64
I1x1 256 1x1 1x1 256
I1x1 128 1x1 Ix1 128
3x3 128 3x3 128
conv3i_x 28 x28 [ ]x2 [ ]><4 3x3 128 |x4 3x3 128 3x3 128 |x8
3x3 128 3x3 128
I1x1 512 1x1 I1x1 512
1x1 256 1x1 1x1 256
3x3 256 3x3 256
convd_x 14 x14 [ ]xz [ ]><6 3x3 256 [x6 3x3 256 [x23 3x3 256 [x36
3x3 256 3x3 256
1x1 1024 1x1 1024 1x1 1024
I1x1 512 1 x1 1x1 512
3x3 512 3x3 512
conv5_x T x7 [ ]XZ [ ]><3 3x3 512 |x3 3x3 3x3 512 |x3
3x3 512 3x3 512
1x1 2048 1 x1 2048 1x1 2048
1x1 PIMERAE 1000 4432 0 4 i 2 2
B RDIT A iE BB 1.8 x10° 3.6 x10° 3.8 x10° 7.6 x10° 1.13 x10"
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Fig. 10  Tomato identification results
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Fig. 11 Schematic of joint structure of picking manipulator
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Fig. 12 Effect diagram of positioning tape wiring in

greenhouse
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Fig. 13 Field experiment diagram
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Tab.3 Data sheet of robot picking effect

EE EisiEl
B TR 4 R il R 412
R BB R T T I A i 34
PR e 2 Al B VU 4 R R 12
R B AR i  1 TRU  E 0
LA T30 A 2 25 i ik 408
I A T — YRR A R Y 352
BT il R Ak A Y R 392
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Tab.4 Picking process information data mm

AHMLAR A e o A b F IR AR X 2 iR o i s
( -3,837,296) (0,786,58) 226
(0,541,371) (0,575,117) 241
( -4,461,373) (0,508,74) 287
( 2,945 ,432) (0,916,149) 277
(4,752,426) (0,695,145) 267
(1,605,335) (0,671,87) 260
(1,390,453) (0,375,152) 312
(2,466,290) (0,484 ,64) 234
(4,660,395) (0,686,152) 258
(2,582,347) (0,571,77) 286
(2,767,347) (0,852,72) 292
( -1,632,402) (0,643,148) 265
( -1,608,416) (0,717,114) 291
(3,711,461) (0,701,171) 278
( -2,928,452) (0,967,184) 253
( —4,947,393) (0,901,90) 319
( -3,911,353) (0,843,83) 277
( -2,911,418) (0,933,179) 232
(1,425,469) (0,521,158) 317
(3,881,379) (0,925,154) 231
( —4,584,423) (0,679,127) 284
( -2,302,415) (0,379,119) 311
(4,882,385) (0,786,162) 216
(2,585,341) (0,677,91) 239
( -3,418,414) (0,396,127) 301
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Tab.5 Tomato state data

EiFa F TR Al HL A R
3d B AR AR B/ SR A B AR 0/5 0/25
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Td 3 A AR/ R SR 5/5 25/25
Td R R A B 3/5 18/25
10d 3¢ Bz 48 28 Bk /R B0 5/5 25/25
10d Ji 2 Hici /2R 4 S B e 4/5 22/25
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Fig. 14 Bad picking condition
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