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Fig 1 Flowchart of the proposed algorithm for estimating biochemical properties
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1. Complementary metal oxide semiconductor
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Fig 2 Imaging Set-up: 1- Computer 2- Camera 3- Arched Sheet 4- Sample 5- Monochrome fluorescent lamp
(white moonlight)
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Table 1- Results of destructive experiments

Vitamin C  Sugar Content Vitamin C Sugar Content
Row P mgnoog — @n R P mgi00g) (&)
1 4.96 88 56.16 26 4.58 35.904 84.98
2 4.69 49.28 101.07 27 4.74 95.04 61.43
3 4.58 42.24 82.48 28 4.57 69.696 73.42
4 4.65 66.88 69.11 29 4.52 35.2 69.78
5 4.57 42.24 85.76 30 4.61 52.8 77.58
6 4.55 52.8 58.17 31 4.55 35.2 74.57
7 4.54 59.84 49.12 32 443 52.8 83.31
8 4.61 38.72 61.93 33 4.45 33.44 112.96
9 4.52 63.36 91.32 34 4.54 35.2 78.06
10 4.58 49.28 72.74 35 4.63 42.24 91.01
11 4.6 42.24 60.86 36 4.92 66.88 89.67
12 459 52.096 53.47 37 4.69 38.72 85.2
13 4.6 114.4 90.97 38 4.52 42.24 87.31
14 457 52.096 63.56 39 4.71 59.84 79.08
15 443 51.04 76.28 40 4.44 35.2 95.15
16 4.42 49.28 103.18 41 4.63 35.2 96.92
17 4.58 78.0324 70.59 42 4.58 45.76 75.85
18 4.56 84.48 59.1 43 4.56 31.68 75.83
19 449 35.2 67.76 44 4.62 56.32 95.49
20 447 63.36 68.39 45 4.67 52.8 115.14
21 4.7 42.24 102.39 46 4.64 35.2 115.14
22 474 45.76 58.54 47 4.77 73.92 90.4
23 482 66.88 105.82 48 4.64 49.28 92.75
24 4.6 35.2 85.06 49 4.77 45.76 107.68
25 459 38.72 75.33 50 4.95 63.36 104.01
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the output and hidden layers of the back propagation

neural network and its effect on the accuracy of pH estimation using 165 and 20 color-textural

features
Test Training MSE N;;?Eie; of Topolo Transfer functions
R’ R? epochg POLogY (Hidden layer - output layer)
0.727 0.999 9.32e"-6 13 165-25-1 Tangent Sigmoid - Tangent Sigmoid
0.884 0.987 0.051919 3 165-30-1 Log Sigmoid-Linear
0.961 0.787 0.55398 73 20-7-1 Log Sigmoid - Log Sigmoid
0.879 0.954 0.00793 13 20-16-1 Tangent Sigmoid - Linear

Test: R=0.96122
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Fig 6 Regression diagram of predicted and actual pH values, a) using 165 Features and b) using 20

Features
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Table 3 Alteration of the transfer function in the output and hidden layers of the back propagation
neural network and its effect on the accuracy of vitamin C content estimation using 165 and 20 color-
textural features

Training Number of Transfer functions

2 .

TestR &R’ MSE trea;rolirtllg Topology (Hidden layer - output layer)
0.950 0.684 0.022511 1 165-30-1 Log Sigmoid-Linear
0.649 0.699 2.34e"-19 5 165-28-1 Tangent Sigmoid — Linear
0.534 0.681 0.131 15 165-22-1  Tangent Sigmoid - Log Sigmoid
0.668 0.686 0.18955 1 20-14-1 Linear-Linear
0.574 0.547 0.152 15 20-36-1 Log Sigmoid - Log Sigmoid
0.450 0.999 2.17e7-22 6 20-18-1 Tangent Sigmoid — Linear
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Fig7 Regression diagram of predicted and actual vitamin C content, a) using 165 Features and b) using 20

Features
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Table 4 Alteration of the transfer function in the output and hidden layers of the back propagation
neural network and its effect on the accuracy of sugar content estimation using 165 and 20 color-
textural features

P Training N““?b?r of Transfer functions
TestR R’ MSE training Topology (Hidden layer - output layer)
epoch
0.968 0.993 0.56428 3 165-12-1 Tangent Sigmoid - Linear
0.489 0.999 3.84e"-21 5 165-12-1 Linear-Linear
0.816 0.716 0.33891 1 20-15-1 Tangent Sigmoid - Tangent Sigmoid
0.567 0.450 0.0387 5 20-12-1 Linear-Linear
0.557 0.611 0.149 7 20-22-1 Tangent Sigmoid - Log Sigmoid
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Fig 8 Regression diagram of predicted and actual sugar content, a) using 165 Features and b) using 20

Features
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Nowadays, citrus fruits, especially oranges, is very important in the human
nutrition regime, and its quality characteristics assessment is very
important. This study aimed to predict some biochemical characteristics of
blood orange, using machine vision and artificial neural networks. In this
experiment, the amount of vitamin C content, sugar content, and acidity
(pH) were obtained using destructive laboratory methods. Images of blood
orange samples were captured and 108 texture features and 57 color
features were extracted on CIElab, RGB, HSV, and HIS color spaces and
finally, the artificial neural networks method has been used to estimate the
desired properties. To evaluate and select the most optimal artificial neural
network, a feed-forward neural networks with Levenberg-Marquardt
learning algorithm, the different number of neurons, and different transfer
functions in the hidden and output layers was used. Finally, using the best
neural network and 165 textural-color features, the amount of vitamin C
content, sugar content, and pH were estimated with a correlation coefficient
of 0.950, 0.968, and 0.884, respectively. Therefore, considering the
appropriate correlation coefficient, machine vision and image processing
technology can estimate some biochemical characteristics of blood oranges
accurately.
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