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Recognition and Location of Oscillating Fruit Based on
Monocular Vision and Ultrasonic Testing

Li Guoli"® Ji Changying' Gu Baoxing'
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2. School of Mechanical and Electronic Engineering, Jinling Institute of Technology, Nanjing 211169, China)

Abstract; In order to solve the problem of low picking efficiency of harvesting robot under the target fruit
oscillation condition, a recognition and location method of oscillating fruit based on monocular vision and
ultrasonic testing was proposed. Firstly, the acquired sequential images of oscillating fruit were segmented
by using Otsu algorithm based on R — G color component; morphological operation was employed to
eliminate residual noise; and the region of target fruit was separated from backgrounds. Secondly, the
region of target fruit was filled with gray threshold. Thirdly, the processed sequential images were
superimposed and a composite image was obtained, and the 2-D centroid coordinates of the oscillating
fruit were extracted from the fruit oscillating region in the composite image. Fourthly, the picking
manipulator was controlled to move and its end was pointed to 2-D centroid coordinates, at the same
time, the depth information of the target fruit was acquired through ultrasonic testing, and the peak-to-
peak value of ultrasonic echo signal was extracted for recognition of fruit and tree. Finally, the end-
effector of picking manipulator was started to grab the fruit when it was within valid range and the
manipulator was stopped motion. The experiments results showed that the success rate of picking can
reach 86% . This method is universal and suitable for apple, citrus, pears and other spherical fruits. The
research can provide a reference for realization of harvesting robot practicability.
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Fig.1 Block diagram of experimental system
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Fig.2 Static apple image and processing results
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Fig.3  Oscillating apple image and processing results
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TTTURGKME | SBERC B 0% REH
T bRz WE/RE /% WRE B/RE
1 (128.6515,143.5476) 2.5675 4.94

2 (127.7848,144.4595) 1.3577 2.61 (126.5484,

3 (129.3956,143.3628)  3.2946  6.34 145.0204) 92

4 (127.9912,142.291 6) 3.0867 5.94

B 0 i 2 B 25 R P BR SR S HAR
Do 25 d<D I, 5351 (xo,y0) B (g y,) J LD
DL D g B 9 I M AS SR, 75 AR BS . 5 L 6 =
4%mm%ﬁﬁﬁ%§%%8ﬁﬁ®%ﬁ%§mﬁ
s AL, SR KT A S S
T A A F B 0T o 152 2% 7 A 1 IR R 2 7 T
HR 55 LS H03E B B B R o S A L TR 5 BT
3 B AR MG B T L PR A (1 R
SRR I I B L 190 A B o 25t 2 5 0 45
SRRSO o ST 5 01 VL 5 510 050 22 R 4 T I
WL B BR905E B E IR R S 5 A B B
I 2, WAT 20 K 52 SR 4 B

3 REIWBFRN

3.1 BEERESHFER

G T 22 A A S B H AR Y S T kA
BRGSO BG5S E K H AR B A A
Sy 0 i R RS R

2ax

A(x) =A,C, e;xm 67402/93 (3)
A A —— A R GHE T IR E
a— PR, RIVE RS S S R RE AR 5 H
B ) 1 B S

o {5 A7 A T 1 B R B

C,——7 15 I AR LT A8 75 U R R K
AN A K FRR 75 LA )
AR W I 254 A

0,— IR (E 29 0 0. 024, I B9 A G #
BEE AT A 6 35 K, AH B I (R A2 /N, Y
A0 03 0 I, IR AR B ok, I8 AE A, I,
A PR S IRIEER 75 RS IR IR A A,
WG R o AR MR RS . il
Ko I8 A A R 5 A S, O X A1 6 S 2R AT 4y
DIKCIEIE7 S QE R/ E S N TGS E 7/ R A
5
B PRSI v B P (AT AR R — D R
Sk HU R I B SEA A5 S LB R O
f(t) =A(x)a(t)cos(2mfyt + @) (4)
A o) —F 0%
fo— kPO BR
o——WIHGL, — M EF
bl QNI N A ERE R O Y Y g i o o Sl
S0 J A TR R A A BORBE TR  R ko
R 4 3 ) 380 I g B U ) BR B B E o
TE B P E AL R GE R, X T AR BBE LG TR SR
AR AT 75 15 5 DU SR IR & 8 BB AL, R R
r(1) =R(t)cos(2mfyt + @) =At"e " cos(2mfyt + )

(5)
Hh R(t) =A"e ™"
A A—(F SR 4

m, —— R, —BRE 1 ~3
h——l 75 P 3 RE T FE 1 S
4 JIr7n o — TR G RO AL ) P [0 A5 5
FHAG TS W RUE 5 B8 AR A IR (E A,
L THISE] ¢, SRR 28 15 S Dk RrAE . b T 1]
t, EZET A 0 _LJHE] 100% Frs At

1.0 | 1.0
os| H 05 [\ =
g UHHMHIAW ~~~~~~ o o4 —v
—05 —o0s| i\ <
LD _1oLL ¥
0 1 7] 3 o 1 2 3
i} 18] /ms ’ fisf [&] /ms
()

(@
4 SR RO R A i S a4t
Fig.4 Ulirasound echo signal and envelope based on

hybrid exponential model
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Fig.5 Ulirasound echo signal and processing results
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