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Fig 1 The cross-cutting punch test
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Fig 2 The acoustic test system used in this study
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2 . Back Propagation
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domain during cutting fruit
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Table 1 Some of the best MLP neural network topologiegramict test values

Firm Cl SP The number of
neurons in the Egﬁ%‘:}??ﬂhog Training  Threshold
R? RMSE R? RMSE R? RMSE second hidden first hidden layer function  function
layer
0.8933 0.067 0.9419 0.053 0.9986 0.016 0 5 £
(3]
0.8627 0.075 0.9519 0.049 0.9983 0.011 0 6 _gg
0.8351 0.084 0.9524 0.056 0.9963 0.023 2 5 o
0.7812 0.091 0.9519 0.052 0.9796 0.050 1 6 c
0.8618 0.073 0.9522 0.048 0.9963 0.018 0 4 o5 g
0.8192 0.086 0.9586 0.050 0.9939 0.022 2 4 28 _{‘_3:
0.8066 0.088 0.9588 0.050 0.9976 0.016 2 5 % g g
0.8209 0.085 0.9562 0.047 0.9995 0.007 5 6 —= =)
0.7644 0.102 0.9177 0.063 0.9882 0.037 0 5 = 2
0.7971 0.088 0.9119 0.065 0.9890 0.041 0 6 2
0.8223 0.080 0.9109 0.065 0.9870 0.038 0 7 g
0.7563 0.182 0.8701 0.208 0.9101 0.255 4 3 2
0.7380 0.181 0.8281 0.209 0.9350 0.261 3 4
0.8513 0.077 0.9441 0.052 0.9982 0.014 0 4 &
0.8592 0.078 0.9251 0.060 0.9993 0.009 0 7 8
0.8014 0.088 0.9503 0.052 0.9991 0.011 0 8 ‘3
0.8737 0.071 0.9578 0.045 0.9972 0.015 5 3 s
0.8433 0.081 0.9633 0.047 0.9933 0.023 3 4 2
0.8867 0.069 0.9592 0.045 0.9963 0.017 5 6 8 -
0.8284 0.084 0.9598 0.046 0.9957 0.019 4 7 2
0.8278 0.083 0.9299 0.058 0.9948 0.020 0 5 o5 <
0.8329 0.082 0.9537 0.048 0.9979 0.014 0 7 2 g S
0.7859 0.092 0.9630 0.048 0.9972 0.021 2 7 % 5 =
0.8193 0.086 0.9515 0.052 0.9997 0.007 3 7 -2
0.8305 0.084 0.9553 0.046 0.9979 0.015 0 7 =
0.9057 0.065 0.9448 0.052 0.9916 0.026 6 3 2
0.9036 0.064 0.9454 0.051 0.9924 0.024 4 4 g
0.9077 0.063 0.9401 0.055 0.9941 0.022 7 4 2
0.9129 0.059 0.9456 0.052 0.9973 0.021 3 5
SP: sound pressure, Cl: crisness index, Firm: fassn
Table 2 Some of the best RBF neural network topologigsédlict test values
Firm Cl SP The number of neurons in  Training  Threshold
) 5 5 the hidden layer function function
R RMSE R RMSE R RMSE o
0.8617 0.072 0.9321 0.057 0.9957 0.019 3 cgsig
2%
0.6966 0.108 0.9103 0.067 0.9746 0.049 8 @o -
0.8376 0.084 0.9553 0.046 0.9993 0.008 3 s g
0.8352 0.082 0.9407 0.054 0.9996 0.005 4 % =3 ;f
0.8465 0.081 0.9389 0.055 0.9997 0.005 9 §§ 8
0.4737 0.180 0.7848 0.213 0.5161 0.272 3 E (%
0.1105 0.182 0.3313 0.216 0.2500 0.281 6 <
0.3903 0.182 0.3380 0.215 0.8679 0.271 8 é
0.8554 0.075 0.9237 0.061 0.9988 0.010 3 £
0.8670 0.073 0.9487 0.049 0.9961 0.020 4 3%
0.8429 0.082 0.9410 0.053 0.9950 0.021 5 é*@
0.8068 0.085 0.9352 0.056 0.9942 0.021 8 c
0.8416 0.080 0.9445 0.054 0.9996 0.006 3 e ]
0.8246 0.086 0.9473 0.051 0.9992 0.009 5 § % ?Z
0.8222 0.084 0.9510 0.050 0.9997 0.005 6 §§ §
0.8514 0.077 0.9328 0.058 0.9958 0.028 3 E
0.8445 0.080 0.9319 0.059 0.9982 0.024 4 I
0.7954 0.085 0.9081 0.066 0.9865 0.035 8 5
0.8131 0.085 0.9267 0.060 0.9949 0.027 10 =
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Table 3 Test data values (measured and predicted by tre(MLP with TanhAxon threshold
function and education function of momentum analtogy 3-5-3-3) and the difference between

them)
Firm (N) Cl SP (mPa)
Experiental predicted Real Experiental predicted Real Experiental predicted Real
value value error value value error value value error
3.04 3.31 -0.26 0.92 1.05 -0.13 5.41 6.40 -0.99
8.10 8.26 -0.16 2.65 2.59 0.06 19.91 20.36  -0.45
6.72 5.81 0.91 1.87 2.01 -0.14 10.60 10.84 -0.24
5.08 4.19 0.88 1.40 1.28 0.12 8.41 8.48 -0.07
9.42 1092 -1.50 2.78 2.90 -0.12 35.03 33.74 1.29
11.60 10.89 0.71 2.98 2.89 0.09 35.71 33.75 1.96
5.22 4.75 0.47 1.54 1.52 0.02 10.46 10.80 -0.34
5.85 6.10 -0.25 2.41 2.46 -0.05 29.09 28.86 0.23
4.76 5.14 -0.38 1.86 1.83 0.03 9.34 9.11 0.23
7.80 7.43 0.37 2.16 2.40 -0.24 18.47 17.62 0.85
441 3.78 0.63 1.60 1.45 0.15 7.96 7.56 0.40
7.46 6.30 1.16 1.99 1.70 0.29 11.55 11.23 0.32

SP: sound pressure, Cl: crisness index, Firm: firgsn
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Cucumber fruit consumes in high quantities duriigsaasons in Iran; so it is important to evaluate
parameters that affected the cucumber quality. Measent of these parameters is expensive and
time-consuming process. Therefore, parameters gifedi due to affecting factors will be more
useful. In this research work, artificial neuratwerks used for modelling the relationship between
mechanical properties (crispness index and firmjnaad sound pressure during cutting (acoustic
response) with storage time, storage conditiondiféerent positions on cucumber fruit. The networks
input were storage time, storage conditions andptesition on the fruit length. The networks output
targets were the values of the mechanical propgediel acoustic response. The different networks
defined and trianed with different topologies. Nlldtyer perception (MLP) and radial basis function
(RBF) networks used with different number of newoifhe training rules were Momentum,
Conjugate Gradient and Levenberg-Marquardt. Thensfeat functions were TanhAxon and
SigmoidAxon. The networks evaluated respected tmeton the accuracy of acoustic and
mechanical properties. The results showed that MeRvork with Momentom training function,
TanhAxon transfer function and 3-5-3-3 topology Itiael best accuracy for prediction of acoustic and
mechanical properties of Viola cucumber fruit. Thigswork can predict the sound pressure, crispness
index and firmness of the fruit with determinatiaeefficient of 0.9973, 0.9456 and 0.9129 and root
mean square error of 0.021, 0.052 and 0.059 ragpkct

Keywords: Artificial Neural Networks, Cucumber, Crispnesdgén, Firmness, Sound pressure, Viola
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