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Depth-sphere Transversal Method for on-branch Citrus
Fruit Recognition

LIU Jizhan ZHU Xinxin YUAN Yan
(Key Laboratory of Modern Agricultural Equipment and Technology, Ministry of Education, Jiangsu University, Zhenjiang 212013, China)

Abstract; Considering the three-dimensional geometric characteristics of the fruit, lealf and branch
objects of citrus are real sphere, slice and thin cylinder, and together with the advantage of depth sensors
can collect the depth point cloud of the object. A method to recognize citrus fruits based on depth-sphere
transversal was proposed. Firstly, the basic principle and the key parameters of the depth-sphere
transversal method for spherical fruits feature extraction were proposed. Secondly, point cloud clustering
and regional division method were used to obtain isolated and adhering area, and the feature extraction
algorithms of isolated fruits and adhering fruits were put forward to fruit and leaf in isolated areas and
fruits or leaves in touching areas, respectively. In addition, in-depth data processing and fruits
recognition strategy of a complex environment were obtained. According to the Intel RealSense F200
depth sensor parameters, citrus fruit size, close-range detection range, data preprocessing and the
requirements for feature extraction algorithm to determine the parameters of the depth-sphere transversal
method were carried out. A large number of indoor tests results indicated that the average success rate
was 98.4% by the depth-sphere transversal method in isolated area, and the average success rate was
76% in touching region, while the comprehensive success rate was 63. 8% in complex environment. The
depth-sphere transversal identification method only used the limited depth data points to ensure the
accuracy of the original data and at the same time to reduce the amount of computation and the complexity
of fruit feature extraction. This can effectively deal with the problem of fruit and leaf occlusion, and
achieve the effective distinction between sticking fruits and leaves. The method had a good adaptability to
the citrus fruit, which provided a new idea for robots to recognize and locate fruits in complex
environment.

Key words: citrus; picking; recognition; depth information; sphere transversal; feature extraction

Wk H . 2017 —02—21 &0 A . 2017 —03 —24

EE£WB: HRAHAR IS T H (51475212) JLHA H AR 23 4 50 H (BK20151339) VLA @& A R B0 % E KT H
(16KJA210002) FIVLIF A4 & 1 L 2@ Rl gt i TREIUH (PAPD)

TEE BN X4k (1976—) , 55, Fot 61, 12k S0, =2 SR LA AR ST, E-mail; liujizhan@ 163. com



5510

XULK 45« A LA A SR 52

TR BE BR A LR R B 7 33

51

WU A7 S R AR AL AR N B A O B A T PR T2 i
i 4 TBOR AR AR R AE & S 92U A R
TAEGE Y T AT WL o' AR R B R 37 5 3 A8 S I
P VEE B XG0 I A R BUE A DAY A R BRI
FEH RS HEAT T AR AR B IR, Hob R R
SLHEAT SRS PR S S I BT T AR

AR B9 R e TR O
TOF i f%'° 7" A1 RGB — D fL g " S {5 A
AR B AT R S E AL 5. SCHik[ 2,11 -
12 ] 35 B T B0 R AL 2R A7 2R S0 IR A5 B
ST 5 B E AL, R REA AR 45 TR BE A5 B i AL 3 A
SO AT B SR BR 5 i SCHk [ 13 - 15 ] A B30 4 5 9K
JE 5 5 Y VE BE AT = 4 JE AL, F 1M A = 4 25 [A] o [
IS 1) FH B0 5 T2 AR R i 5 3R 52 A U 5 5 A, B
P R R 2R S 0 SR R 0 A A, S 32 B R R 5 S
K[ 16 —20 J A % 1 £ S 3k J5U o TR~ 12 TR 4%, 2 T )
P 4 PR 1 25 8 G 41 OS2 5 SR 52 0 81, R
AE TE 70 45 HL 92 IR B B dl o A 3, S 800 D TR
B0t — R A — W B2 B RT3 — e e il 2R 4R i — 2R
SERFAEHERT B0 o3 A Ak B R 2 A A, T HL Ak
B A 7 A 1 R 2 5 BOR AT X 2 10 TR I 22 S B0, AN

ST E R g3 5 R0 B TSR

AR SCER XS H AT A% 8 T IR B A 8 52 BUR SR
TTEE AN KL 4 H A A 2R 52 TR0 A TR 3 BR AR 7 vk
AT IR Bk

1 ETRERBERLFMERNAE

1.1 RERBEFFERRAERRH

AR R PR 1) 2R S L AT 0 ) R AT SRR
R AR AIAE A A JLATRAAE (18] 1) o AR LA 27 56 &
(P 2) 25 DLTR B s 4K UM PR O )2 2 () 11 = 4
WE R B (D.0.@) 7, MU—EWRE D JyF1z
{14 B THT 23 ) % AT SEER IR R ORI AL AR AR B 2R
M BCIR BE B Al AT VD 5 o o ) 3R A [
it 28 BRI BA IR i 3 ARk, 1 ] AR 40 44 A E

SRR M B3 R R X )

1.2 REXRB&ATEHEEER
L2.1 HIPRLWRER BT

NP 2 J 7, 2 = G A% B A SR AR X BRI 2R 5 ik
Fr ORI, m] ARAT IR JBE A5 25 M0l 1 2R 52 2 T 9 [ 0
i1 TR JEE A e 21 SR S R 1) VD A B B ) O UL
e Z,

I

SO A LA R 5 52 T B A
MR

U R RS2 i BJL AR AR AL L5 kT b 0 7 7
Fig. 1 Geometric characteristics of citrus fruit, leaves and
branches and sketch of spherical cutting
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Fig.2  Schematic plan of spherical entity by

depth-sphere cutting
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Fig.4 Flow chart of fruit recognition in complex

on-branch environment
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