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3- The vertical projection method
4- The linear scanning method
5- The classic Weeds Infestation Rate (WIR)
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1- Beam Angle Statistics (BAS)
2- Multiscale Fractal dimension (MS)
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1- Mixture of Gaussians
2- Self-organising map
3- The auto-encoder network
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Fig. 4. Mean square error graph related to different entries in various iterations
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Table 3- The results of average and standard deviation related to four evaluation criteria in classifier train in 20
iterations

B 0o g Gty ile gy s Olage ke o suindiib ¢
Mean absolute .
Root mean square error Mean square error  Correct classification rate

error

oSl 0.0053 0.053 0.0029 99.53
Average

Sore 31,20 0.0026 0.0082 0.00083 0.129

Standard deviation
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Table 4- The optimum values of the neural network parameters which were determined with SA-GA algorithm
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Table 5- The results of classification related to testing data using ANN-SAGA classifier in the best state of

classification
oLl gaald ws o
: - KWPTA KW
B s 1 2 Wodls dod The percentage of S giraib o
. I The percentage of general
classes All data incorrect classification lassification (%
(%) classification (%)
1 197 0 1 198 0.5
2 0 32 0 32 0.00 99.61
3 1 1 543 545 0.37
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Table 6- Six evaluation criteria of classifier in the best state of classification

Class Recall Precision F _measure Sensitivity Accuracy Specificity
1 99.51 99.51 99.51 99.51 99.74 99.51
2 100 96.97 98.46 100 99.87 96.97
3 99.64 99.82 99.72 99.62 99.61 99.82
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1- Receiver Operating Characteristic (ROC)
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Fig. 5. ROC diagrams related to ANN-SAGA classifier for three classes such as Centaurea
depressa M.B, Malvaneglecta and Potato plant respectively
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Table 5- Compares the success rate of the different methods for classification of crops and weeds
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Method The number of WP RVITAS Accuracy rate (%)
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Proposed model 775 (testing data) 3 99.61
Pantazi et al., (2016) 540 134 78.18
Hlaing and Khaing, (2014) 35 6 82.85
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Fig. 6. Two different samples from machine vision detection in video processing. No.3, No.5 and No.6
are Centaurea depressa M.B, Malvaneglecta and Potato plant respectively
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Introduction

With increase in world population, one of the approaches to provide food is using site-specific management
system or so-called precision farming. In this management system, management of crop production inputs such
as fertilizers, lime, herbicides, seed, etc. is done based on farm location features, with the aim of reducing waste,
increasing revenues and maintaining environmental quality. Precision farming involves various aspects and is
applicable on farm fields at all stages of tillage, planting, and harvesting. Today, in line with precision farming
purposes, and to control weeds, pests, and diseases, all the efforts of specialists in precision farming is to reduce
the amount of chemical substances in products. Although herbicides improve the quality and quantity of
agricultural production, the possibility of applying inappropriately and unreasonably is very high. If the dose is
too low, weed control is not performed correctly. Otherwise, If the dosage is too high, herbicides can be toxic for
crops, can be transferred to soil and stay in it for a long time, and can penetrate to groundwater. By applying
herbicides to variable rate, the potential for significant cost savings and reduced environmental damage to the
products and environment will be possible. It is evident that in large-scale modern agriculture, individual
management of each plant without using some advanced technologies is not possible. using machine vision
systems is one of precision farming techniques to identify weeds. This study aimed to detect three plant such as
Centaurea depressa M.B, Malvaneglecta and Potato plant using machine vision system.

Materials and Methods

In order to train algorithm of designed machine vision system, a platform that moved with the speed of 10.34

cm/s was used for shooting of Marfona potato fields. This platform was consisted of a chassis, camera
(DFK23GM021,CMOS, 120 f/s, Made in Germany), and a processor system equipped with Matlab 2015 version.
The video camera was installed in 60-centimeter height above the ground level. Therefore, all plants in the
camera field of view (whether on the crops row or between the rows) were analyzed. This study conducted on 4

hectares of potato fields in Kermanshah-Iran (longitude: 7.03°E; latitude: 4.22%N). The most suitable color

space for segmentation plants was HSV color space and most suitable channel of applying threshold was the H
channel. In this study, features in two areas of color features, texture features based on gray co-occurrence
matrix were extracted. Ultimately, 126 color features and 80 texture features were extracted from each object. In
final six features among 206 features were selected.

Results and Discussion

Among 206 extracted features, six effective features including the additional second component of the
YCbCr color space, green index minus blue in RGB color space, sum entropy in the neighborhood of 45 degree,
diagonal moment in the neighborhood of O degree, entropy in the neighborhood of 45 degree, additional third
component index in CMY color space were selected using hybrid ANN-PSO. This means that, two set features
have the same effect over plants. The result shows that hybrid ANN-SAGA classified Centaurea depressa M.B,
Malvaneglecta and Potato plant with 99.61% accuracy. This accuracy is high and this meant that 1. These plants
have different 6 selected features, 2. The classifier is very powerful to classify.
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Conclusions

1. Plants with similar features make the classification process complicated and less accurate.
2. The presence of shadow on the plants’ leaves reduces the accuracy of the classification.
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