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Design of Fruit Picking System Based on Inverse Kinematics
Dimension Reduction and YOLO v4

ZHANG Qinghui KONG Dexiao LI Junqiu ZHONG Lihui
(College of Big Data and Intelligent Engineering, Southwest Forestry University, Kunming 650224, China)

Abstract; In order to improve the execution efficiency of picking equipment, a six DOF robot arm,
raspberry pie, single chip microcomputer, Android mobile terminal and server were used to build an
intelligent fruit picking experimental system. It can automatically identify different kinds of fruits and
realize automatic picking. Users can control the picking equipment and view the real-time picking video
through the mobile terminal remotely. The solution process of inverse kinematics of manipulator in the
three-dimensional coordinate system was realized by reducing the degree of freedom and using two-
dimensional coordinate system, so as to avoid a lot of matrix operation and make the process of inverse
kinematics solution of manipulator more simple. The Robotic Toolbox in Matlab was used to carry out 3D
modeling and simulation of the manipulator, and the feasibility of dimension reduction was verified. In
the fruit picking process, in order to make the trajectory of the manipulator more stable and coordinated,
the pentanomic interpolation method was used to plan and control the trajectory of the manipulator. The
object detection and pixel location of fruit was based on the YOLO v4 artificial intelligence recognition
algorithm of Darknet deep learning framework. Using GPU training in the Ubuntu 19. 10 operating
system, totally 2 000 images were used as a training set to train the recognition model of different kinds of
fruits. The accuracy rate of each fruit recognition was more than 94% , the time for a single fruit picking
about 17 s. After the actual test, the system had good stability, real-time performance and the accuracy of
fruit picking.

Key words: fruit picking system; inverse kinematics of manipulator; dimension reduction; object

detection; YOLO v4; trajectory planning of motion
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Fig.1 System connection and function diagram

_____________________

of fruit picking system

1.2 gitimiE

AEWMIITIRAREWMAE 2 ras, fTHFHL APP
DL RAHBEATFHL b HL, APP FISR %% 4% 1 3h % 3
F 55 2%, MR 55 45 il R AR B A5 1 TP {5 1 & 1% 3] F
Bl APP,7E APP & TP itk B AT 64T SR 4% 1% 45 10 i
o WA ARG, vl 0 T AL APP X R i 15 A%
HEAT I8 AR A ] W IR AR A5 R K SR i B 3 1 S ) IR
A% B R 55 A R AT AR AR RN A3 8] E A i AR 55
A 23 [ L AL Bl IR BE R o A% A DR AR 4 2 ] A
B AT LA 30632 2 2 A 55 R HIL AR 32 sh B0l
R, Je 2 Pl R R R A o AR AR S, 1 R LR AT 2R
SR o SR AL AR, W LS 5 APP H i A R R L
A A5 SR 4k B 4 1 S e AR

2 RERFEVHEBIZIT

2.1 FEHEN
Xof S S EAT SR A 0 — AN B B L E



59 1)

KGR A% 2T s S E 4R RS YOLO v4 (19 2R SOR A R G 78 17

Bl 3a WS . U th 6 4> 6125 TURUCF e
DU B % 55, SR A EAL R HLAE O 25 kg- em,6 4>
FEPLS HE & s 1R 4 LR .

RIS A%

FIITFHLAPP

| Foappitk it |

JREh A

v

AR 5

oS
v

M55 At ATIEIR
P B 2

IR 35 Bl St
MU AR
EHLAPP v

‘L SR [ Zs 8] AL A
y ¥Sa _\‘/

S FIRREIR

RS LR v

I

RAREIRAET LA
B2 AT
v

: RIRIRATHLIR
i Wiz B AL
v
AR
Enpe

|
B2 RG SRR E

Fig.2 System flow chart
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Fig.3 Physical drawing of mechanical arm
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n. o, P,
B NATEEEHT = n, o P, | Hrdn 0, W
0 O 1

BB A 54 T R T 56 95 76 X Bl I 9 T A e
SR P, SR A X AR 0, o, R HLBRE A
HIGE T BT 5635 2 Y B E e R B B 5, P, L
BB 3 Y Ak b

HRAEHLBRRY IE32 32 7 R IG DH 26770k, e el S
AR 2 B LB A 0 S A A

x x x

°T=ln o P

n y Y Y

0o 0 1
A VT AT 2T F5 B 5 3 A A [6l 064 % FF 5 s
F) 8 AR I 3 3 1R o T R A B T 3 R 2 R 3
(1 Y 25 S
2 (1) R UM K 3 (07 %8 5 4% 5645 728 ik = (i)
B2, N IEB I e, Hop, A #E

=\T,1:T (1)

cosf;, —sinf), L,cosf,
KT =| sing, cosh,  L;sing, |, Hrh i LR
0 0 1

BYMR LT RS, i-1 H =AW RS, ' TH
O AR XS T b A ST Y e A A
cosf, . —sinf, H YA TN T L—KT A X # -
(R Tie e A8 e 280, Ly cos B, 12 T 1 KT R o 1) X Ak
i, sing, (cosf, 24 Hf T A XS T b —OCHAE Y b
B A W B 8, Lising, AN EAT K A Y
A Fr o )
T =TT T =
cl,, —s0,, L,cO, +LcO, +L,cH,,
86,5 LysO, +L;s6, +L,s0,, | (2)
0 0 1
Horp ch,, 7R cos( 6, +6, +60,),30,,, 7/~ sin( 0, +
0, +6,),s0,%/~ sin(h, +6,),ch, 7/~ cos (6, +
6,) ,s0, 3N sinb, ,cl, TR cosb, .
3 (2) R AR R 3 1% FF 4 b5 5 AH XS T LK
B RHRR
12X (2) AT LAAS B BB A i 1) AL AR Sy

¢l

P =L,cO, +L,cO, +L,ch,,, (3)
P, =Lys0, +L,s6,, +L,s6,,, (4)

R IUT 7 B A
a=60,+60,+6, (5)

L (3) ~ (5) 4 n 5 72 41 B AT K g 75 20 K 5
JIr 7R B BUARVES 3 A i 519 A 4828 SR R A F
B (5) A (3) (4) 15
P =Lycosf, +L,cos(0, +6,) +L,cosa  (6)
P, =Lysing, + L;sin(6, +6,) +L,sina (7)
T IOTET R, A
m =L,cosa - P,
n:Lzsina—P}
i (6) (7)f1
L, =./(LycosB, +m)> + (Lysind, +n)> (8)
i SR i — T IR T A




59 1)

KGR A% 2T s S E 4R RS YOLO v4 (19 2R SOR A R G 78 19

b+ /b -4ac

sinf, = 2
a

_H..

0, = arcsin( sing, )

b= -2nk c=k -m’
Ly-L -m’ -n

=T

MRS 0, , B2 b 3d Bkl Al LK g 15 3
0,.0;

H1 TZAUUE b 4 TCT IF & B9 5635 AR T
TAE B IR AE 5 AR5 Bl B A 2 XU R S 1)
AL 7 A LR AS SOR R HUARE 1305 32 I, R X %
2ARATHEATRAE . BT LATESR A Hh 6,.6,.6, J5, 1
ity FOR ARG B IS TR ME ML = B A0 1 Ji 2 5G9 19 2 2%
BRIV AT 58 BB 3052 Bl 5 1R g o

K6 J2 58 i 1 K da HLARE AL AR 7 Z 5 Y
ZOX V1 PR o i PR R AT SR i A 20 B0 BRCE IS
FEPL = 5 AL e T 25 . MR 45 0 A i iy Z
X AR bR BRI 45 3] 0

2 2
a=m +n

k

6 = arctan X (9)
z

ST 0.60,.6, .0, SKffZ )5, 8 5e T i H
i P B AU 3932 2l 2 1 2 AR SR i

X
P

0
( ;
K6 HLWE ZoX
Fig.6 70X plane diagram of mechanical arm

2.3 REIAH 5= AERE L
2.3.1  SRIzHUI AL 25

2 o SR Ak 3k T e, AR R R A A5 Sk A B A A0 A K]
B R TR SE Z A A A I REECRI R T A e AR
RIWE, WK Ta iR, REEH T AP AR S R BR
S v gk A7 R S A DL R B K 1R R E L, il
OpenCv THEEHLAL G AL &% 27 21 B4 e R 347 A0 43
A0 3, b PR 22 J5 38 G BE TR A 2 HE 4R Darknet
(f) YOLO ™) [ A 4 0 585 36 ok BE AT 3 92 H AR A 15
RIAR R E AL, Darknet HESL B AT CNN JIEJZE B LA
2 YOLO ( You only look once) H #5 £ Il i I 6E .
Darknet fE4458 5 C i & SE 0, HA B 5 &3 B
Pedf 52 35 CPU,GPU (CUDA) 2 Fh it 577 50 9 4
Mo 7ETERE F YOLO v4 iz 47 )& [t EfficientDet
P2 5, I M REA 2, YOLO v3 137 240K 1 %
(AP) A (FPS) 43l $2 5 1 10% F1 12%

(a) JFLE

(b) F A
B7 CRIGH SIS H AR
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Fig. 10 Flow chart of single picking process
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Fig. 11 Test chart of fruit picked in field
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Tab.3 Test results of attitude calculation of manipulator

S Y I Y IO BV S VI B
cm I E] /s
(15,2,5) 71.56  73.25 —30.39 -90.00 0.308
(33,2,5) 81.38 46. 12 -20.32 -66.71 0.339
(30,5,10) 71.56 54.28 -16.89 -80.25 0.346
(40,1,10) 75.96 28.79 -42.18 -90.00 0.262

(26,12,6) 77.00 49.11 -90.00 -90.00 0.319
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Tab.4 Picking test results of different kinds of fruits

JUTF AR /bl o SR T/

R R/
g

ES WS RV R/A B/A KB min
FHE 200 ~300 KIFAS 0.99 1.60 60 17.68
mbk 145 ~183 /NP5 0.85 1.12 60 16.58
#HA& 46 ~60 /NFFH S 0.75 1.01 60 17.98
AT 35~65 /NFFH S 0.77 1.25 60 17.75
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Tab.5 Calculation of single picking time

LS E S T,/min T,/s T, /s T,/s
SER 17. 68 17. 68 15 2.68
ik 16. 58 16.58 15 1.58
gy 17.98 17.98 15 2.98
25 17.75 17.75 15 2.75
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Tab.6 Training model test results of different kinds

of fruits %
TSN mAP iR PEN S 10U
! 85.72 94.52 86.5 81.21
LS 86. 54 94. 63 87.3 81.72
#H A 85.21 94.71 86. 4 82. 61
o 86. 13 95.01 87. 1 83.01
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