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Image Distortion Control and Experiment of Spherical
Fruit Surface Plaque

LIU Ting RUI Chengjie LI Haitao ZHANG Shaoying
(College of Engineering, China Agricultural University, Beijing 100083, China)

Abstract; The surface defect plaque of spherical fruit is an important criterion for grading and sorting.
Given the problem of the shape and size distortion of the plaques in the image by machine vision online
sorting, according to the principle of projective geometry and general imaging configuration, the general
imaging equation and the universal imaging area algorithm for plaque were established, and the area
distortion law of plaque image was analyzed. Based on these above, the relationship between the effective
image region and the parameters of the imaging system was calculated by Matlab to meet the requirements
of the specific sorting accuracy, and a simple method for defining the effective image region was
proposed. Using hemispheric blocks and Egyptian sweet oranges as the test subjects, the area distortion of
the defective plaques located in the demarcated area captured by industrial cameras were verified with NI
Vision Assistant. Assuming the distortion threshold (A) was 20% , the minimum spherical center angle
(A

designated. The experiment showed that the distortion degree of the defect plaques in the delineated area

omn) could be calculated and the result was 79.32°, and then the effective image area was
on the five hemisphere blocks were all less than the setting threshold under the specific image conditions.
Similarly, for the five Egyptian sweet orange samples, the proportion of defective plaques that satisfied
the distortion requirement were orderly 97.38% , 97.33% , 94.22% , 96.44% and 97. 78% . Thus it’s
available that the predicted results based on the general equation of spherical fruit surface plaque imaging
can be used for the effective region segmentation to realize the effective control of sorting accuracy. The
sorting threshold judgment by determining the area of defective plaques in the effective image region was
conducive to simplify image processing, which can provide theoretical guidance for the imaging parameter
configuration of the spherical fruit imaging system.

Key words: spherical fruit; surface imaging; defect plaque; area distortion
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Fig.1 Forms of fruit surface defects and equivalent

circumscribed circle
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Fig.2 Diagram of imaging geometry model
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Fig.3 Coordinate transformation diagram of

plaque imaging
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Tab.1 Identification parameters of hemispheric

blocks at edges, optical axes and median

i H H/mm L/mm 0/ (°) Aomin” ()
0 600 0 79.32
4l 0 800 0 79.32
0 1000 0 79.32
80 600 7.59 79.32
LREA 112 800 7.96 79.32
147 1 000 8.36 79.32
160 600 14.93 79.32
g 225 800 15. 65 79.32
295 1 000 16. 44 79.32
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Fig.9 Particle analysis operation results
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Tab.2 Image area of labeled defect plaque

L =600 mm L =800 mm L =1000 mm
BEH /%  BEE /%  REK /%

WS

—_

783 15. 62 436 13.32 282 6.31

2 771 16.92 433 13.92 265 11.96
3 819 11.75 415 17.50 271 9.97
4 800 13.79 446 11.33 258 14.29
5 785 15. 41 440 12.52 264 12.29
6 816 12.07 421 16. 30 269 10. 63
7 777 16. 27 429 14.71 266 11. 63
8 772 16. 81 415 17.50 256 14.95
9 752 18.97 440 12.52 261 13.29
10 793 14.55 414 17. 69 262 12. 96
11 810 12.72 418 16. 90 259 13.95
12 765 17.56 445 11.53 256 14.95
13 773 16.70 423 15.90 260 13. 62
14 802 13.58 415 17.50 274 8.97
15 778 16. 16 434 13.72 272 9.63
16 793 14.55 434 13.72 272 9.63
17 815 12. 18 432 14. 12 264 12.29
18 750 19. 18 436 13.32 253 15.95
19 752 18.97 422 16. 10 259 13.95
20 751 19. 07 414 17. 69 301 0
21 928 0 503 0 258 14.29
22 761 18. 00 416 17.30 250 16. 94
23 834 10. 13 413 17.89 254 15. 61
24 778 16. 16 453 9.94 272 9.63
25 800 13.79 414 17. 69 268 10. 96
26 778 16. 16 436 13.32 272 9.63
27 812 12. 50 423 15.90 277 7.97
28 775 16. 49 418 16. 90 260 13. 62
29 757 18.43 436 13.32 262 12.96
30 770 17.03 428 14.91 261 13.29
31 759 18.21 418 16. 90 259 13.95
32 820 11. 64 449 10. 74 261 13.29
33 763 17.78 425 15.51 269 10. 63
34 792 14. 66 413 17.89 256 14. 95
35 812 12.50 432 14.12 277 7.97
36 785 15. 41 419 16.70 285 5.32
37 815 12. 18 445 11.53 285 5.32
38 780 15.95 424 15.71 259 13.95
39 773 16.70 426 15.31 265 11. 96
40 794 14. 44 436 13.32 277 7.97
41 781 15. 84 419 16.70 271 9.97
®3 BHERILMR~
Tab.3 Geometry of sample

FEA 5 il 1< /mm H42/mm MR T

1 81 82 0.99

2 81 79 1.03

3 79 80 0.99

4 82 79 1. 04

5 82 81 1.01
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