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Research on 3D Reconstruction of Fruit Tree and Fruit Recognition
and Location Method Based on RGB — D Camera

Mai Chunyan Zheng Lihua Sun Hong Yang Wei
(Key Laboratory of Modern Precision Agriculture System Integration Research, Ministry of Education

China Agricultural University, Beijing 100083, China)

Abstract; In order to provide a scientific and reliable technical guidance for fruit harvesting robot in
orchard, a method was proposed in this paper to reconstruct 3D image for apple tree and carry out
recognition and location for each apple fruit. Firstly, the color image and depth image of the fruit trees
were taken by an RGB — D camera, and the 3D reconstruction of each fruit tree was carried out by fusing
its color and depth information. Then, 3D point cloud of the fruit region were segmented from tree’ s
point cloud by applying the color threshold of R — G. Finally, the 3D shape of each fruit point cloud was
extracted and its 3D spatial position information and radius were also obtained by using iteratively the
RANSAC ( Random sample consensus) algorithm to fit each fruit to a pre-defined apple model. The
experimental results showed that the proposed method of 3D reconstruction of apple tree and recognition
and location of its fruits had good real-time performance and strong robustness. In the measurement range
of 0. 8 ~2.0 m,the correct recognition rates of fruits under frontlighting and backlighting conditions were
95.5% and 88.5% respectively, and the correct recognition rate was 87.4% in the case that the
sheltered area of fruit point clouds was over 50% , besides, the average position calculation error of the
fruit was 8. 1 mm, and the average radius calculation error was 4. 5 mm.

Key words: Apple harvesting robot RGB — D camera 3D reconstruction Recognition Location

Segmentation of point cloud
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Fig.3 Flow chart of reconstruction of fruit tree
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Fig.5 Flow chart of 3D shape extraction algorithm of fruits

@ 0)
& 6 Kinect 4 K&
Fig.6 Images acquisition by Kinect
(a) BOEBK (b)) BEREK

06 e

0.4 ﬁ £

0.2 ﬁ‘ ;A 4
et

7R S
Fig.7 Point cloud of fruit tree
B e 2R 58 = AT R B IR AR FE B R
RS 8 = AT IR B R B, [ 9 BOR
T 8 AR s d B UE DA P 1 B S S
2R . FTLAE B, 20 vl R i 2 32 1A B A B E R S
S AR E T O HER AT SO SR S R R

0.6
04-
02

0

-02 -

—04 e

~06-

~03.
2

~

Z 030080604020 0204060810
X

B8 R =P ELE R

Fig. 8 Color segmentation of fruit point cloud

0.6
0.4
0.2
0 2 . .
P G
~—02 . "
S )
e R, el
—0.6 bae
-08 | >
2
z\/
070.5 0 0.5 1.0

X
P9 RS A I M AR
Fig. 9  Filtering of fruit point cloud

2.3 REZHRRRER

DR A5 B 2R S Y = 4 A AR BRI AR R,
A SCUASTARBR T Ay 2R 58 = 4 TR 48 BB B, 2 ik
U RANSAC 5532 00 2R 52 IX I 2 7 A BRI ASE 282
Zor B A B A A R L0 = 4 S ) A AR AR AR
K10 7R 11 9 B SR8 = 4R IR 48 Bl 2R, b il
O = HERRI Y 25 A R I AU Y = 40T AREE R (7] i
A T AR 5 045 45 SRAT 2 A SR S A 2 ] o7 B R
RN AT, BV i 5 — A R A B DL A
I JHE 4 5 BOR 9257 AR =5 [ 5 5 A 58 B, AR SO 4 i
F14 SR SR DR R IRk A BE ) T G AS S8 B £ b AT 4
TSGR 52 R AT S AR R E £

04 @
02
& =
™02 ® @ —
-. W
~ &
—0.4 oe @
~06
="

T T T T T

15
2190 02 0 02 04 06

Bl 10 RS =MEIR R R I A R
Fig. 10 3D shape extraction of fruits
2.4 RIWIRFNFMREEMIREDST
Nt — 25 AR AR SO 4R H R SR 0 A o ik
{14 RE A P RRGRE P, AR SOOI 30 51 A e Al 5 17



) A . HT RCB — D AAHLAY R = 4E 4 5 5 S U E L 39

DUT AR SR S e AT 1, 20 B A )4 B0 R SR 52
VU5 R DL CY- 2 DR JEE T A i 22 |~ 42 b 2 AR 552
IERR U R PUIN SRS 1 iR o b, X Kinect
FAMLLA B 2R AT e 85052, £ B AT A 35052 i (b
AT ) ol B0 o RO 443 3 2R [5O3 A HIL P 1T ) 3 T
P54 10 3 ELE ORI B B AR O SR B0 241 B
P T R I ST AR M P 9 A R RO U S
PEATAE 1] AN 1] B9 A2 1 D0, DL B B () —
PRz R B S48, R 1 n] LU Y, 7645 Rl
TEOLR A SO 4 i SR 5 S PR 00 0 E 137 7 125 #8
REIRCAT 50 4 Fy Ak B ARCSR SR 52 2 T 5 A Db 22 A
8. 1 mm, Ry 12l 22 4 4.5 mm,
®1 FEBRTHRIAMNEMHRE
Tab.1 Fruit identification and location results

under different conditions

BB CPEREEE PR IERRIR

RIPIIE g g /mm 2/ 1%/
IS 471 45 38 8.2 4.1 95.5
WL 32 8.8 4.8 88.5
PR T AUNF 50% 40 6.4 4.3 92.7
PR E AR T 50% 30 9.1 4.6 87. 4

2.5 HEBENSN

AT A B RGeS AT TP e,
SRIGXTEET R — G (0 62 1 {4 1) 0 25 408 i U8 7 1k
1530 TR R R SE X SR =, B 3T RANSAC 11y
SAERR AR 0 2 43 07 B RS A R SR 58
e BB — AT ER DR AR B A I AT R SR B, 15
) oz | g AR B AR, TR 6 BRI L (
Borb 17 AR50 i SRR = 2 F A S R R

{75540 B FE A BB AT ] O 4. 35 s B — A RS
A8 TR A E I TR R T 1 s, BEAS T AL SR i R A0 ML A4
A SE PR BESR

3 5

(1) J&F RGB — D AHHLAIfE B fill & BEA X R
PEAT =4EH A BB RS A ROLIR AT R K5k
B 5 BRI 4028450 o SR = A n
HEAALAF 5 R SR A AL N B S A0 08 1, B AT
AT SR A7 BIL A R AT A 28000 B A v e 5 28 R
sk,

(2) #F R -G WBE B #1514 e A 2ot
XS R ST 5 R AT 2 R R P A
18 7 ¥ 0 73 A 300 A 2R S DX AR, 2 B AT M R
DEBR, AT LA HERA IO R S =5 R o

(3) JET RANSAC % 3K 1 454 5 5 = o3 1) 53 0%
] LRV 3t X [ {5 v A 2R S = 4R R BEA T 3R B
FA B HAR R 19 23 0] 07 B A5 B A AR, [, X F
35 RS 5 17 DL, 2% 07 i 0 il e R S IX AR Y
A58 B A R AT B Y R 4005 R IR HR I

(4) ASCPr M 3F RGB — D FHLIY B 28
R 260 AR S SR SR A = 4 o R 2R S S AR S
2 T7 85 BA B e ARG RE T VR R S I R0
R85 R SR B R GA 88. 5% , K RS AN 7 X
PR 1 50% 1 00, R AR 0k 87. 4% R SF
PIUR L E A i 25 O 8.1 mm, P By o AR i 22
4.5 mm SR VLW, % 05 75 RE 0% DR A i SR = 4
LK S A R A R R R R R e 2R SR A
3, AT RURR 55 F 2R i R A AL A 2E 47 SR S8R A

2 £ x #

1  Khoshroo A, Arefi A, Khodaei J. Detection of red tomato on plants using image processing techniques [ J]. Agricultural

Communications, 2014, 2(4) . 9 - 15.

2 Sharma D J, Kaur J. Robotic apple harvesting using computer vision based on shape & colour analysis and object positioning[ J].

Digital Signal Processing, 2014, 6(7) : 226 —233.

3 Molts E, Pla F, Juste F. Vision systems for the location of citrus fruit in a tree canopy[J]. Journal of Agricultural Engineering

Research, 1992, 52. 101 - 110.

4 Palaniappan Annamalai, Won Suk Lee, Burks T F. Color vision system for estimating citrus yield in real-time[ C] /2004 ASAE

Annual International Meeting, ASAE Paper 043054, 2004.

5 BRI, M E. AR T EAMESEI R EOR[T]. Fl WL, 2010,41(2) : 185 - 188.

Lii Qiang, Cai Jianrong, Zhao Jiewen, et al. Real-time recognition of citrus on trees in natural scene[J]. Transactions of the
Chinese Society for Agricultural Machinery, 2010, 41(2) :185 - 188. (in Chinese)

Wijethunga P, Samarasinghe S, Kulasiri D, et al. Digital image analysis based automated kiwifruit counting technique[ C] // Image
and Vision Computing New Zealand 23rd International Conference, Paper 4762149, 2008.

KA, IR0, EEEEE, 5. JE T HLE IO 0 B SR BRI rh R Bk RN S R AR SR IR [T ] RO WU 7 41,2013 ,44(5) « 247 - 252.
Cui Yongjie, Su Shuai, Wang Xiaxia, et al. Recognition and feature extraction of kiwi-fruit in natural environment based on
machine vision[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2013, 44(5) : 247 —252. (in Chinese)
Payne A B, Walsh K B, Subedi P P, et al. Estimation of mango crop yield using image analysis segmentation method [ J].
Computers and Electronics in Agriculture, 2013, 91, 57 - 64.

Bulanon D M, Kataoka T. Fruit detection system and an end effector for robotic harvesting of Fuji apples[J]. Agricultural
Engineering International CIGR Journal, 2010, 12(1) . 203 -210.



40

Ko BLOW % MR 2015 4F

10

11

14

15

16

20

21

22

23

24

25
26

27

28

29

30

31

32

Lak M B. Apple fruits recognition under natural luminance using machine vision [ J]. Advance Journal of Food Science &
Technology, 2010, 2(6) ; 325 —327.

Ji W, Zhao D, Cheng F, et al. Automatic recognition vision system guided for apple harvesting robot[ J]. Computers & Electrical
Engineering, 2012, 38(5) . 1186 - 1195.

ALK 45, X . SR SR AR AL AR SR 5 R 27 ¥R [T ] R ALK~ 41 ,2010,41(9) « 148 — 153,

Si Yongsheng, Qiao Jun, Liu Gang. Recognition and shape features extraction of apples based on machine vision [ J].
Transactions of the Chinese Society for Agricultural Machinery, 2010, 41(9) . 148 —153. (in Chinese)

Nielsen M, Slaughter D C, Gliever C. Vision-based 3D peach tree reconstruction for automated blossom thinning[J]. TEEE
Transactions on Industrial Informatics, 2012, 8(1) . 188 - 196.

Adhikari B, Karkee M. 3D reconstruction of apple trees for mechanical pruning[ C] // ASAE Annual Meeting, Paper 1111613,
2011.

AR, IMBEN, KOF 4. FETORUE SLAUE RR AN =BG BRI S A [T]. AR, 2012, 43(3) : 152 - 156.

Cai Jianrong, Sun Haibo, Li Yongping, et al. Fruit trees 3-D information perception and reconstruction based on binocular stereo
vision[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2012, 43(3) : 152 - 156. (iin Chinese)

Lin Y, Hyyppd J. Multiecho-recording mobile laser scanning for enhancing individual tree crown reconstruction [ J]. IEEE
Transactions on Geoscience and Remote Sensing, 2012, 50(11) : 4323 —4332.

AR, EEC 3RO TR I [T]. W2 S s A A, 2012,35(7) 167 - 73.

Gao Ziqiang, Wang Zhongren. A study of extraction and modeling of three-dimensional laser scanning of tree trunk [ J].
Geomatics & Spatial Information Technology, 2012, 35(7) : 67 —73. (in Chinese)

FIE, kALA, FRE, F. mYEEYIRN = E@ROCRAERIEMLT]. b E 2, 2012(6) ;0 10 - 13.

Wang Fei, Zhang Sheqi, Li Bingzhi,et al. Three-dimensional reconstruction of trees trained to tall spindle shape and assessment
of light characteristics[ J]. Northern Horticulture, 2012(6) : 10 — 13. (in Chinese)

ey, WIRTE, KA, . BESHEE AV RN EESE Z4BET]. Rl TR IR, 2014, 30(12) : 154 - 162.
Ma Xiaodan, Meng Qingkuan, Zhang Lijiao, et al. Image mosaics reconstruction of canopy organ morphology of apple trees[ J].
Transactions of the CSAE, 2014, 30(12): 154 —162. (in Chinese)

Nguyen T T, Vandevoorde K,Kayacan E, et al. Apple detection algorithm for robotic harvesting using an RGB — D camera [ C] //
International Conference of Agricultural Engineering, Paper C02290001, 2014.

IR XIR, w45 BE T OB 1 = 4R R AR AU B [T ] A HUB 3R 2013 ,44(4) « 217 -222.

Feng Juan, Liu Gang, Si Yongsheng, et al. Apple fruit recognition algorithm based on laser scanning 3-D image[ J]. Transactions
of the Chinese Society for Agricultural Machinery, 2013, 44(4) . 217 —222. (in Chinese)

Catuhe D. Programming with the kinect for windows software development kit[ M ] // Redmond; Microsoft Press, 2012 55 - 59.
Shum H P H, Ho E S L, Jiang Y, et al. Real-time posture reconstruction for microsoft kinect[J]. IEEE Transactions on
Cybernetics, 2013, 43(5) : 1357 - 1369.

Lim Y W, Lee HZ, Yang N E, et al. 3-D Reconstruction using the Kinect sensor and its applicationto a visualization system[ C ]
//IEEE International Conference on Systems, Man, and Cybernetics, Paper 6378311, 2012.

R Kinect N HIIF &I : Mo AR 07 S HLAS X E [ M ] b 50 AUAR ol i ikt , 2013:20 - 59.

Gai J,Tang L, Steward B L. Plant recognition through the fusion of 2D and 3D images for robotic weeding[ C] // ASABE Annual
International Meeting, ASABE Paper 152181371, 2015.

BRpg o, g8 0e. AshEBEME R AR, R TR S, 2002, 38(17) : 119 -122.

Geng Yinyin, Cai Anni. Anautomatic thresholding algorithm for image segmentation[ J]. Computer Engineering and Applications,
2002, 38(17): 119 = 122. (in Chinese)

Rusu R B, Marton Z C, Blodow N, et al. Towards 3D point cloud based object maps for household environments[ J]. Robotics
and Autonomous Systems, 2008, 56(11) : 927 —-941.

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.

AR, B AT S R RANSAC B3k 0 g S sr AT R B - B LT ] M2 4% ,2011,36(5) « 144 - 145.

Li Na, Ma Yiwei, Yang Yang, et al. Segmentation of building facade point clouds using RANSAC[J]. Science of Surveying and
Mapping, 2011, 36(5) : 144 —145. (in Chinese)

Luchowski L, Kowalski P. Using RANSAC for 3D point cloud segmentation[ J]. Theoretical and Applied Informatics, 2013,
25(2):105 - 117.

Schnabel R, Wahl R, Klein R. Efficient RANSAC for point-cloud shape detection[ J]. Computer Graphics Forum, 2007,
26(2) :214 -226.



