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Measurement of Volume and Surface Area for Spheroid Agricultural
Product Based on 3D Wire Frame Model
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(1. College of Mechanical and Electrical Engineering, Shenzhen Institute of Information Technology, Shenzhen 518172, China
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Abstract; This article proposed a new method for fast measurement of the volume and surface area
(VSA) of spheroid agricultural products based on 3D wire frame model via image processing using an
Android device (AD). The spheroid product counting algorithm software was developed in Java combined
with OpenCV library that uses AD to measure the VSA of spheroid agricultural products. The target
photos were taken in normal conditions by AD. The image processing was used to get image, segment
image, generate binarization image, filter noise, and calculate the VSA according to the coordinate of
three-dimensional wireframe model. Using this method to measure the ball with different diameters at six
distances that between 100 mm and 350 mm, and the segment spacing was 50 mm, which verified that the
camera distortion was less than 0. 3% , and the contour size of the measured object had scarcely effect on
the measurement accuracy. The proposed method was applied to measure the VSA of 10 different citrus,
apple and pear, and then all the fruits were measured by drainage method to get their volume and
scanning method to attain their surface area. The test result shows that the correlation coefficient among
proposed method, drainage method and scanning method was more than 0. 98. The results indicated that
the introduced method could be utilized as a rapid and non-destructive method for the AD measurement of
different spheroid produces of agricultural products.

Key words: spheroid agricultural product; volume; surface area; 3D wire frame model; Android

system; image processing
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Fig. 1 Schematic of capturing images at regular intervals
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Fig.2 Calculation of volume and surface area
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Fig.3 Image segmentation
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Tab.1 Volume and surface area of different spheres in

different distances

Wigs, SEREIREW O EEBRE ORBREW O REREB/
mm F1/cm? F1/em’ F1/cm? em?®
100 50.491 6 33.907 1 255.3018 380. 656 2
150 50.245 4 33.667 2 255.013 6 382.4328
200 50.312 3 33.5425 254.5255 381.7653
250 50. 286 3 33.3032 254.498 2 381.632 1
300 50.116 0 32.9371 255.246 3 382.1827
350 50. 360 2 32.762 8 253.7971 380. 965 2
B H 50.2655 33.5103 254.469 0 381.703 5
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Fig.6  Scanner image of citrus peel
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Tab.2 Results of citrus measurement

Android ¥ Android 3 ARG KR

MR/ em®  BEB/em® BB/ em®  fKE/em®
1 193. 140 6 178.4925 197.174 6 181.907 8
2 231.7812 205.479 8 233.8103 209.167 7
3 216.9953 191.4159 222.3617 196.386 5
4 207.902 1 192.6499 213.396 2 197.773 0
5 248. 164 4 210.5714 253.460 7 213.504 4
6 225.178 4 197.034 0 230.3373 201.013 1
7 218.5397 202.3703 223.4830 206.2712
8 229.643 8 194.712 4 233.248 0 199.2812
9 234.336 1 205.7927 239.2293 210.893 6
10 223.6823 191.903 1 226.2279 196. 842 6
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Tab.3 Results of apple measurement
g Android ¥ Android 3 G KR

MR/ em®  HEB/em® BB/ em® R/ em®
1 295.280 8 241.566 5 302.8113 242.5415
2 287.1856 236.1922 294.708 3 238.478 1
3 316. 896 2 279.3927 320.4335 281.4397
4 319.1917 277.987 8 325.8347 279.9316
5 298.634 8 259.7342 304.3429 261.7429
6 281.942 6 234.189 3 286.952 4 235.8502
7 290. 680 7 255.8639 297.0539 257.042 3
8 296.204 8 248.146 5 302.853 8 250.253 6
9 303.5116 267.103 8 308.263 7 268.3018
10 292.4729 244.340 8 208.2343 245.9217
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Tab.4 Results of pear measurement
- Android ¥ Android 3 FHHEGE HEKEW
BHRA/em®  BEB/em® WA/ em®*  FB/ em?
1 254.467 4 199. 8339 259.4237 202.93717 92? ' A )
2 236.904 8 201.3272 243.0549 204.5739 : {;%0;&% "
3 242. 117 4 193.2069  246.462 8 196. 859 9 7T KHEGEHESEENLR
4 252.2436  209.8517 255.6874  211.9683 Fig.7 Relationship of images and accuracy
5 240. 822 1 198.271 8 247.263 6 200. 405 4 55
6 293.097 8 244.203 3 297.296 3 246.504 7 "
7 2775031  219.3958  281.6501  222.1294 gl
8 294.4550 230.489 6 298.2756 233.678 2 @ 45
9 267.598 7 221.526 6 273.9707 224.065 1 -
10 269.6114 230.702 3 274.612 1 235.759 5 4'0 10 15
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Fig.8 Relationship of images and measuring time
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