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Recognition and reconstruction of single apple occluded by branches
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(1 College of Mechanical and Electronic Engineering , Northwest A& F University ,Yangling ,Shaanxi 712100, China

2 School of Electronics and Information Engineering ,Sichuan University ,Chengdu,Sichuan 610065 ,China)

Abstract: [Objective] The identification of a single apple target occluded by branches was studied to
provide support for the identification,localization and automatic picking of apples in complex growing envi-
ronments. [Method) The fruit targets occluded by branches are often divided into several parts,which af-
fects the accurate identification of fruit targets seriously. In this study, the K-means clustering algorithm
based on Lab color space was used to segment apple targets, then the contours were extracted by mathe-
matical morphology method. After the false contours of target apple were removed according to the mini-
mum external rectangle method,the targets were reconstructed by the curvature features of the contours,
and the results were verified. [Result] The above method could effectively extract the real contours of ap-
ple targets and achieve high coincidence with the edge lines of targets based on K-means clustering algo-
rithm in Lab color space and minimum external rectangle method. More accurate reconstruction results

were also obtained. A total of 10 experimental target fruit images occluded by branches were tested for
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identifying, locating and reconstructing. The average division error was 13. 83% , the average overlapping

coefficient was 88. 08 % ,and the false positive and false negative rates were 1. 22% and 11. 92% , respective-

ly. The reconstruction accuracy rate of target apples was above 84. 00% ,and the average construction time

was 24.40 s. [Conclusion] The methods developed in this study could be used for accurate identification,

location and reconstruction of apples occluded by branches, which could shorten the time of reconstruction

effectively.

Key words: apple; automatic picking; branch occlusion;identification and location; K-means clustering

algorithm;contour curvature
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Fig. 1 Target apple occluded by branches
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Fig. 2 Conversion of Lab color space for occluded apple target
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Fig. 3 Processing results based on K-means clustering algorithm for occluded apple target
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Fig. 4 Minimum external rectangles of the two apple regions
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Fig.5 Target apple edges after removing false outline
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Fig. 6 Recognition of target apple
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contour curvature feature
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Fig. 9 Binary segmentation results of 10 apple target images based on K-means clustering algorithm
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Fig. 10 Reconstruction results of 10 apple target images based on contour curvature feature
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Table 1 Reconstruction results of 10 apple targets occluded by branches

No. Radius Actual area coefficient rate rate error
1 109. 45 44 748 89. 27 1. 83 10. 73 9.72
2 94. 26 43 124 92. 67 2.29 7.33 14.05
3 87.53 41728 90. 11 0.91 9. 89 9.50
4 74.56 32 465 89.92 0.47 10.08 10. 21
5 100. 49 55 016 84.78 0.21 15.22 10. 60
6 105. 25 59 235 84.93 0.54 15.07 32.21
7 151. 90 109 284 84. 64 1.02 15. 36 24.19
8 58.93 23 417 86. 71 1.17 13.29 8. 90
9 71.96 30 635 88. 24 1.27 11.76 8.25
10 29. 85 9 367 89. 54 2.52 10. 46 10. 67

F- 11 Average — — 88.08 1.22 11.92 13.83
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Table 2 Reconstruction time of apple target occluded by branches s
W Eig et RS gt IR F S Eigetal| WIRF S pig et
No. Reconstruction time No. Reconstruction time No. Reconstruction time No. Reconstruction time
1 18. 27 4 21.02 7 58. 10 10 6.77
2 29.93 S 38. 34 8 15.53 P91 24,40
Average

3 18. 43 6 13. 96 9 23.61
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