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Table 1 Measured values of apple properties during different storage periods

T BURS P4 b AR SR bR

o MO e PR gy MBI Eos gy BURID e PRI e BB APV e
1 41.2413 0.2440 28.5243 0.2435 24,7925 0. 2425 13.7932 0.2242 11. 4672 0.2333 0.3089 0.2133 8§6.8121 0.7536
2 40.5519 0.2561 27.5042 0. 1257 23,7371 0.2130 13,7161 0.1937 12,3339 0.2451 0.2912 0.1843 8§6.2471 0.6439
3 41.6563 0.2315 26.424 20.2571 22.8746  0.2517 13.3472 0.1826 12,1087  0.2208 0.2901 0.1624 85.3283 0.5791
4 40.0743 0.2385 25.886 20.1587 21.0726  0.2346 12,7863 0.2438 11,7129 0.2191 0.2827 0.1973 85.5286 0.7213
5  39.6081 0.2450 25.507 90.2647  20.9823 0. 2375 11.6732 0.2461 12.7355 0.2438 0.2737 0.2074 85.6432 0.4628
6 39.3818 0.2445 25.440 30.2413  20.2473 0.2273 11.6192 0.2216 12.9580 0.2182 0.2684 0.2429 85.0056 0.5134
7 39.2535 0.2398 25.275 60.2694 19.3613 0. 2315 11.6141 0.2375 13. 3033 0.2046 0.2596 0.2109 85.1889 0.4915
8  38.7879 0.2443 24.974 80.1927 18.2931 0. 2376 11.6131 0.2417 12.9143 0.2037 0.2567 0.1843 85.0034 0.5237
9 38.8075 0.2547 24.244 70.1834  18.0442  0.2467 11.6127 0.2138 13. 0485 0.2481 0.2571 0.1976 85.0782 0.4618
10 38.5919 0.2397 24.2878 0. 2251 17.9472  0.2513 11.6105 0.2193 13.0399  0.2219 0.2356 0.2564 85.3989 0.5179
11 38,9288 0.2512 24,3927 0.2239 17. 4641 0.2043 10. 6677 0.2364 13.0198 0.3104 0.2323 0.2178 85.1761 0.4737
12 38.8712 0.2432 24,3348 0.2146 17. 2857 0.1934 10. 5786 0.2417 13.6567  0.4153 0.2292 0.2039 85.7341 0.5741
13 38.5017 0.2399 24.2357 0.2375 17. 1328 0. 1829 10. 7793 0. 2461 14. 0601 0.2752 0.2174 0.2463 84.9642 0.568]
14 38.4665 0.2441 23.9781 0.2391 16.7722 0.2173 10. 3356 0.2043 13. 1304 0.1634 0.2153 0.2649 85.3288 0.2761
15 38.4753 0.2385 24.1232 0. 2461 16. 7683 0. 2454 10. 0242 0. 1673 13.6356 0.2371 0.2137 0.2513 85.1783 0.4619
16 38.0127 0.2443 23,9331 0.1839 16. 7095 0.2513 9.6928 0.2094 13.3182 0.2109 0.2105 0.1958 85.8116 0.7319
17 36.8351 0.2392 23, 6449 0.2182 16. 4371 0.2152 9. 8838 0.1973 13.5908  0.2571 0.2096 0.1846 85.0208 0.7529
18  36.5662 0.2298 21.7032 0.2173 16. 5801 0. 2391 9.5694 0.2462 13,7928  0.2164 0.1963 0.2430 85.5359 0.4361
19 36.2928 0.2443 21.4017 0.2218 16.2812 0. 2371 9. 3908 0.2457 13.9874 0.2087 0.1932 0.3412 85.2905 0.4628
20 36.0115 0.2512 21.1146 0. 2485 16. 0747 0. 1829 9.1652 0.1972 14.2192 0.2576 0.1812 0.2509 85.0614 0.5179
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Fig. 1 Topologic pattern of neural network
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Fig.2 Curve of model error
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Table 2 Contrast of the predicted values by the model

with the experimental values

HO B HD Sl HOGR2E /% SS Wit SS sciilht M /%

15.4869  15.3258 1.05 12.4883  12.0707 3.46
14.9516  15.2400 1.89 12.3768  12.9831 4.67
14.5894 14,8300 1.62 13.1526  12.7460 3.19
14.6316  14.2070 2.99 12.8004  12.3294 3.82
12.7492  12.9700 1. 70 13.0076  13.4058 2.97
A TR A SR MR /% W ORTHOE WSROt R /%
0.2687  0.2574 4.39 87.3192  85.9526 1.59
0.2176  0.2113 2.98 83.1046  85.3931 2.68
0.2340  0.2427 3.58 87.4996  84.4835 3.57
0.2512  0.2417 3.92 86.5279  84.6818 2.18
0.2130  0.2044 4.29 87.4833  84.7953 3.17
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Estimation of apple storage quality properties based on the

mechanical properties with BP neural network
Li Xiaoyu', Wang Xiaofang'*, Wang Wei', Zhang Jun'
(1. College of Engineering and Technology. H uazhong A gricultural University, Wuhan 430070, China:
2. Department of mechanical engineering and technology. Changzhou Institute of Engineering T echnology,

Changzhou 213164, China)

Abstract: Apple storage quality properties(including hardness, moisture, soluble solid, total acid) were estimat—
ed through the mechanical properties of apple(including the maximum of compression, the yield force, the elastic
modulus). An artificial neural network model of storage quality properties was built by the optimization algo-
rithm of L-M(levernberg marquardt) BP neural network. The mechanical properties and the apple storage quality
properties measured in the experiment were adopted as input and output to establish the BP neural network. The
simulated results show that this neural network make a good estimation of apple storage quality properties
through mechanical properties. When tested by five groups of Non-sample data, the relative error between the
estimation of this model and the measured value is below 5%, which meets the accuracy requirement of apple
storage quality properties in engineering application.

Key words: apple: BP neural network: mechanical property; quality property: estimation model



