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Spherical Fruit Recognition and Location Algorithm
Based on Depth Image

LIU Changyuan' LAI Nanxu' BI Xiaojun®
(1. College of Measurement and Conirol Technology and Communication Engineering,
Harbin University of Science and Technology, Harbin 150080, China
2. School of Information Engineering, Minzu University of China, Beijing 100081, China)

Abstract; In order to solve the difficulty of fruit recognition in near color background, an algorithm for
identifying and locating fruits from the depth image was presented based on the near-spherical
morphological characteristics of fruits. A depth camera was used to get depth image of a fruit tree. The
gradient vectors of each pixel point from the depth image were calculated. The gradient vector was
considered as a vector field of motion and the divergence of the vector field was calculated. Searching for
divergence center points from vector fields according to the principle of maximum divergence. The fruit
center point was selected from the divergence center point by using the difference of the contour image
between the fruit and the leaf. The fruit boundary points were searched in eight directions from the center
point of the fruit. The fruit images in the closed area formed by connecting the fruit boundary points were
imported into the point cloud. Finally, the point cloud was used to find the fitting circle of the target fruit
according to the random sample consensus (RANSAC) algorithm, and the size and spatial location of the
fruit were obtained. The algorithm discarded the color features commonly used in traditional algorithms
but used only the depth information in the depth image for fruit recognition and positioning. It can
overcome the drawbacks of traditional algorithms affected by color, illumination and other factors.
Because the algorithm did not use color image information at all, it can not only recognize and locate
green fruits, but also enable the harvesting robot to work in dark environment. The research result can
provide a method for fruits recognition and location in complex environment.
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Fig.1 Image acquisition by RealSense
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Fig.2  Gradient vector visualization images
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Fig.4 Contour map of fruit tree
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Fig.5 Diagrams of fruit center point discrimination
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Fig.7 Visualizations of RANSAC fitted spherical images
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Fig.8 Visual images of fruit identification and location
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under different shading conditions
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Fig.9 Analysis maps of leakage reasons for obscured fruits
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Tab.3 Statistical results of identifying and
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in intense light environment

4 %

<l
o3

(1) & T G2 B  BRE SR 52 U0 5 A 303k g
fi R 2 T R S BUR S PO i o S AR S =
YT A5 # BE 5 R S A0 R AT 55, BEAS A 2K
fifp PR A% G A1 T B O R R R ) e Ik i PRl (1
S SRS TRUM PR AR TR

(2) T TR B2 UG A BRE A 52 U0 5 7 58 1 02
— TP S A S U 8 OB BORS B A T s
SRR JE R B A L 1), M) P 2R S 42 3 RO A R AR
SRR S BB E L, TR SRk TP R E T
S KRG B LR S R o0 AP IR f R
H = 4 BROE 4005 500 X SR S8 0 R R AT 405 b
G PR RS B R E R R as [ Bk I
FIF A 3 SR R 2 0 U 5 A7, AT L 3 AR IBOR 52
= HEES (A A AR AT R TR AR AL AR A e Ak 52 IR
5.

(3) T TR B2 UG A BRE A 52 U0 7 07 58 1A
AT B — £ % B2 T B A 6 A R S 1) R0 A,
5 AN 32 B AR SO0 PR E i 1 R i, B A R
=Y S RE RO E LT I BE RS A AR AL IR S &
RS 5 PR R e R B0 3 MO T X SR 5 P
F8 B B, o0 2R S o7 B R Y R S U T vk AT
WU RE A

(4) T ik 52 S0, A5 2 AT AR W AT IR AT 3
PRS2 P 2 R0 R il O 75.7% \ T4.8%
82.3% , BpAUUR S U I (] 290 1.30 s, S55K
W], 5 B B T 0 R A S HL
T ordeas Mg~ S AR a5 0, RE B4 W T
SRARBILAS A RS2 B R E L 4

2 £ x

(1] FER¥, MEMW , SECHE, & AL IAME T R AL AR SR B R R T B R £ BR ik [T Rk DA %4k, 2018,34

(22) :147 - 154.

XIONG Juntao, BU Rongbin, GUO Wentao, et al. Shadow removal method of fruits recognized by picking robot under natural
environment| J|. Transactions of the CSAE, 2018,34(22) ;147 —154. (in Chinese)

(2] AEMENE, 5T T, i, 45 T A0 d YU i B SRR SRS E L R e ].

PACHE TR, 2021,44(11) 73 =77,

REN Yajing, ZHANG Ningning, XU Yuanyuan, et al. Mature apple recognition and picking positioning system based on visual



£ 10 3] MR 2 - T IR 2 TR A 3RO 2R SR 0 5 £ 5 1% 235

(3]

[4]

[8]

[9]

[10]

[11]

[15]

[16]
[17]

[22]

(23]

recognition[ J]. Modern Electronics Technique, 2021,44(11) ;73 =77. (in Chinese)
XUBH 4G, SEAR, £ 2. AATRIE T B8 5P R EGBUNIr B[ T]. o E R4 ,2021,42(6) 174 - 181.
LIU Lijuan, DOU Peipei, WANG Hui. Image recognition algorithm research of overlapped apple fruits in the natural
environment[ J ]. Journal of Chinese Agricultural Mechanization, 2021,42(6) :174 - 181. (in Chinese)
JORDI G M, JORDI L, JOAN R, et al. Assessing the performance of RGB — D sensors for 3D fruit crop canopy characterization
under different operating and lighting conditions[ J]. Sensors, 2020, 20(24) :7072.
CHOI D, LEE W S, SCHUELLER J K, et al. A performance comparison of RGB, NIR, and depth images in immature citrus
detection using deep learning algorithms for yield prediction[ C] // ASABE Annual International Meeting, 2017.
ZHAO C,LEE W S,HE D. Immature green citrus detection based on colour feature and sum of absolute transformed difference
(SATD) using color images in the citrus grove[ J]. Computers and Electronics in Agriculture,2016,124.243 - 253.
BUEAR, /MR, EZNE R OF RRIGRMN M ZEEGRME [T]. b ERPES R ,2020,41(3) ;141 - 146.
LU Jidong, LU Xiaojun, WANG Yijie, et al. Multi-source image fusion for fruil recognition in similar-color background[J].
Journal of Chinese Agricultural Mechanization, 2020,41(3) ;141 - 146. (in Chinese)
B KRN AR AR R A BE T BN IR 1 F ARG IR AR T RGN [ T]. Al AL 24, 2017 ,48 (35 T1)) :86 -91.
LIAO Wei, ZHENG Lihua, LI Minzan, et al. Green apple recognition in natural illumination based on random forest algorithm
[J]. Transactions of the Chinese Society for Agricultural Machinery, 2017 ,48( Supp. ) :86 —91. (in Chinese)
DRI T A VS LT R 5 WO Hough 707 v UMK AT # (1), KMl TR 4R, 2016,32
(14).219 -226.
MA Cuihua, ZHANG Xueping, LI Yutao, et al. Identification of immature tomatoes base on salient region detection and
improved Hough transform method[ J]. Transactions of the CSAE, 2016,32(14) :219 —226. (in Chinese)
WANG J, JIANG H, YUAN Z, et al. Salient object detection: a discriminative regional feature integration approach[]J].
International Journal of Computer Vision, 2017, 123(2) . 251 -268.
AP, T R ST A LA LR I T vk [T ] ARl T AR 4, 2017 ,33 (34 1)) 328 - 334,388.
LI Han, ZHANG Man, GAO Yu, et al. Green ripe tomato detection method based on machine vision in greenhouse[ J].
Transactions of the CSAE, 2017,33 (Supp. ) :328 —334,388. (in Chinese)
JAZE L EATE S SO A ST JE T MSER Ml HCA By B @GR I [ T]. &Kol T8 2= 4, 2017,33(19) :196 -201.
LU Jun, HU Xiuwen. Detecting green citrus fruit on trees in low light and complex background based on MSER and HCA[J].
Transactions of the CSAE, 2017,33(19) :196 —201. (in Chinese)
REMR WG, X, A, 5. AR IR T R AT I SE R e R 5E [ T]. RO MU=, 2018,49(4) 145 - 52.
XIONG Juntao, LIU Zhen, TANG Linyue, et al. Visual detection technology of green citrus under natural environment[ J].
Transactions of the Chinese Society for Agricultural Machinery, 2018 ,49(4) :45 —52. (in Chinese)
BNE AU, B, AL BT 0 R ) DR AR S SR R A Rk TR [T ] Rk TR, 2018,34
(23):142 - 148.
HUANG Xiaoyu, LI Guanglin, MA Chi, et al. Green peach recognition based on improved discriminative regional feature
integration algorithm in similar background[ J]. Transactions of the CSAE, 2018,34(23) :142 - 148. (in Chinese)
AP, SR AN, SRR, A5 BE T RGHE YOLO v5 4 1) i 28 2 Al R S s U] [ T ] Rl MU A% 41 ,2022,53(5) 201 - 208.
HE Bin, ZHANG Yibo, GONG Jianlin, et al. Fast recognition of tomato fruit in greenhouse at night based on improved YOLO
v5[J]. Transactions of the Chinese Society for Agricultural Machinery,2022,53(5) :201 —208. (in Chinese)
CATUHE D. Programming with the kinect for windows software development kit{ M ]. Redmond: Microsoft Press,2012: 55 —59.
FICA, BUsE VERE A BT 2R EMR RS 1 A RIS T R AR ISR [T]. AR LS R ,2021,52(9) 156 - 164.
WANG Wenjie, GONG Liang, WANG Tao, et al. Tomato fruit recognition based on multi-source fusion image segmentation algorithm
in open environment[ J]. Transactions of the Chinese Society for Agricultural Machinery,2021,52(9) :156 —164. (in Chinese)
X4k J , AT, 22 WF. A R AR R SR B BR AR O i [T ] R AL A $i , 2017 ,48(10) ;32 - 39.
LIU Jizhan, ZHU Xinxin, YUAN Yan. Depth-sphere transversal method for on-branch citrus fruit recognition[ J]. Transactions
of the Chinese Society for Agricultural Machinery, 2017 ,48(10) :32 =39. (in Chinese)
ALAEI F, ALAET A, PAL U, et al. A comparative study of different texture features for document image retrieval[ J]. Expert
Systems with Applications, 2018, 121.97 - 114.
ool RIS WA, 5. 3D FOR TG e SRR R EIR ()] AN SO TR, 2020,49(3) 9 -53.
ZUO Chao, ZAHNG Xiaolei, HU Yan, et al. Has 3D finally come of age? —An introduction to 3D structured-light sensor
[J]. Infrared and Laser Engineering, 2020,49(3):9 -53. (in Chinese)
KT, i, KRAFT M, 4%, JE T TOF $RAR LM AL P i S 2B AR 1] L0l ML 24,2016 ,47 (5) 1275 - 280.
ZHANG Xin, GAO Chao, KRAFT M, et al. Identification of plant leaf wilting using TOF camera[ J]. Transactions of the
Chinese Society for Agricultural Machinery,2016,47(5) :275 —280. (in Chinese)
FISCHLER M A, BOLLES R C. Random sample consensus: a paradigm for model fitting with applications to image analysis
and automated cartography[ J]. Communications of the ACM, 1981,24(6) ; 381 —395.
IR 5% A VIR TT A R T R B BC R I AR R R AR U 5 O 2 [ T] . Rl ML 2 4 ,2022,53(5) 1209 - 216.
ZHU Qibing, ZHANG Meng, LIU Zhenfang, et al. Identification and counting method of potted kumquat fruits based on point
cloud registration[ J]. Transactions of the Chinese Society for Agricultural Machinery,2022,53(5) :209 —216. (in Chinese)




