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Figure 1. The range of the studied area, farming lands and ground control points
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Figure 4. Spectral behavior of wheat and soybean during the maximum vegetation growth on LandSat8
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Table 1. Cropping calendar in the studied area
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Figure 5. wheat-grown fields detection map with support vector machine (A:2000, B:2008,C:2016 ) and
artificial neural network (D:2000, E:2008,F:2016) in three years.

(band1:visible blue, band 2: visible green, band 4: near-infrared, band 5: short-wave infrared (SWIR1), band
7: short-wave infrared (SWIR2))
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Figure 6. Soybean-grown fields detection map with support vector machine (A:2000, B:2008,C:2016) and
artificial neural network (D:2000, E:2008,F:2016) in three years. (band1:visible blue, band 2: visible green,
band 4: near-infrared, band 5: short-wave infrared (SWIR1), band 7: short-wave infrared (SWIR2))
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Table 2. The evaluation results for wheat-grown fields detection by supervised
classification method from 2000 to 2016.

s S ) (o geas Olzly Sl posle )
anllas 5 50 Jls Artificial neural network Support vector machine
Year LS oy K s LS o N e
Kappa Overall accuracy Kappa coefficient Overall

coefficient accuracy
2000 0.83 85.7 0.88 90.7
2001 0.88 91.1 0.87 89.2
2004 0.84 87.5 0.92 93.6
2005 0.89 91.1 0.92 94.2
2006 0.90 90.2 0.87 89.8
2008 0.88 90.8 0.90 92.0
2009 0.78 82.1 0.88 90.5
2010 0.86 89.2 0.88 90.5
2011 0.82 84.6 0.89 90.9
2012 0.85 90.3 0.87 89.4
2013 0.81 84.3 0.84 87.1
2014 0.85 86.2 0.85 87.8
2015 0.85 87.1 0.84 86.9
2016 0.81 84.4 0.87 89.9

YOAP BT Gladle fol b 55 ods S)lai stuail o) 3l ealitel L L g gl (5l 50 gl - st

Table 3. The evaluation results for soybean-grown fields detection by supervised
classification method from 2000 to 2016.

s S gy (s Ol Sls podle 595
andllae 5 50 Jlo Artificial neural network Support vector machine
veur LS S o L S5 o
Kappa Overall accuracy Kappa coefficient Overall
coefficient accuracy

2000 0.86 82.3 0.88 90.6
2001 0.77 87.6 0.9 82.4
2003 0.81 86.2 0.88 90.9
2004 0.79 83.6 0.90 923
2005 0.88 90.2 0.84 87.9
2006 0.84 88.2 0.9 82.6
2008 0.81 82.3 0.86 88.5
2009 0.88 91.6 0.88 90.5
2010 0.86 86.1 0.86 88.6
2011 0.75 80.4 0.85 88.4
2012 0.80 85.4 0.90 92.0
2013 0.90 91.1 0.86 88.6
2014 0.85 88.2 0.88 90.2
2015 0.86 87.3 0.88 89.9
2016 0.89 90.6 0.87 90
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563551 08 doss | Cadle (555188 sler Olojle SLT 5 sl 5 51 p 8 iS5 pelans gl —F Uit
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Table 4. Comparison of wheat cultivated area obtained from supervised classification method
classification and statistics reported by ministry of Agriculture-Jihad. | and 1, indicate under- and

over- estimations for cultivated area compared to statistics of ministry of Agriculture-Jihad,

respectively.
andllas 3550 Jlo iS5 plaw Olsiy s pomile gy L san s S s
Year slg Obeslu Support vector machine Artificial neural network
CERD S cas e sl S g sl
Sta'ltI.StICS of (eSa) (dry) (ESa) (dry3)
ministry of
Agriculture- Cultivated Relative Cultivated Relative
Jihad (ha) area (ha) error (%) area (ha) error (%)
2000 114729 111834 3] 135368 187
2001 115626 130779 137 105525 9]
2004 126386 142577 137 141552 127
2005 121861 111924 8] 138921 141
2006 121407 116226 4] 135747 121
2008 107193 92186 14] 120056 121
2009 114123 131241 157 84451 26|
2010 118184 129726 107 132366 1271
2011 111278 100612 10} 126971 141
2012 120509 132560 107 138585 157
2013 131654 123749 6] 118488 10}
2014 124432 107012 14| 110744 11}
2015 115416 99668 147 92332 20|
2016 130331 143364 107 113388 13]

563031 eS8 Ao ss | Do (65,55lS sl Ol LT 5 (il ol I g ST 5 e dslie -0 Sl
s e DL 1) (55558 sl Olejle Lo 5 0dd 5518 JLT L awslie 55 ST 55 el (63,557 b Ao ys T dle
Table 5. Comparison of soybean cultivated area obtained from supervised classification
method classification and statistics reported by ministry of Agriculture-Jihad. | and 1, indicate

under- and over- estimations for cultivated area compared to statistics of ministry of Agriculture-
Jihad, respectively.

andllas )50 Jlo sl Olejl iS5 b Olsty s posdle s, Fsan o b B,
Year (e (g yslas” Support vector machine Artificial neural network
N e o T T e Y
(ha) (Sa) Relative error (%) Cultivated area (dezy3)
Cultivated area (ha) Relative error
(ha) (%)
2000 17632 19381 107 15164 14|
2001 25026 28279 131 19758 21
2003 26238 22522 14| 29386 121
2004 36380 41473 141 28746 21]
2005 37152 32106 14| 33437 10}
2006 40718 43975 81 45604 121
2008 35581 31016 13] 29544 17]
2009 45177 41556 8l 39756 12]
2010 39758 42938 81 45722 151
2011 45641 50205 107 55682 227
2012 42648 38129 11} 35398 17|
2013 36942 32049 13] 40636 101
2014 36718 40389 101 39655 81
2015 27665 27941 11 23238 16]
2016 35833 33107 8] 39416 107
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Figure 7. Wheat and soybean cultivated area reported by ministry of Agriculture-Jihad versus estim
wheat and soybean cultivated area by support vector machine method within the range of 15% confiden
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Introduction: Estimating the land area under crop cultivation based on
peripheral aspects of production including seeding rate, fertilizer and the amount
of chemical inputs delivered to farmers as well as evaluations by consulting firms
is time consuming and cost intensive. Nowadays, using satellite data as a new
solution not only reduces the drawbacks of conventional estimation methods of
cultivated land areas, but also can be beneficial for various planning aims in the
agricultural sphere. Land cover mapping is important for many of processes related
to plan-making and activities associated with crop production management. Today,
satellite images and remote sensing techniques are extensively used in all sectors,
including agriculture and natural resources because they have high analytical
abilities and are capable of providing up-to date information and data. It is one
of the fastest and most cost-effective methods available to researchers to map
lands dedicated to crop production. In recent years, satellite imagery and different
detection methods have aided researches to detect the features at a lower cost and at
lesser time duration. Different methods are available for this purpose. Each method
offers some advantages and disadvantages. Artificial neural network, fuzzy logic,
support vector machine, decision tree, object-oriented classification and intelligent
systems can be considered as advanced classification methods (Guo et al., 2012).
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In this study, we made attempts to detect wheat and soybean-grown fields with two
advanced classification methods (i.e. support vector machine (SVM) and artificial
neural network (ANN)) in west of Golestan province, Iran. All the cultivated areas
were determined from the maps extracted from satellite images with the purpose
of using them as the base layer for other research goals.

Materials and Methods: The current research was conducted to estimate the
wheat- and soybean-grown areas during a 16-year period from 2000 to 2016 using
Landsat satellite imagery. For this purpose, two classification methods e.g. support
vector machine and artificial neural network were used. In order to classify and
detect the two aforementioned crops, ground control points (GCPs), the normalized
difference vegetation index (NDVI) for agricultural lands, and spectral behavior of
wheat and soybean training GCPs were employed. In order to validate the results
of classification, the generated maps were checked by GCPs (coordinated with
GPS).

Results and Discussion: Wheat and soybeans were at the maximum vegetative
growth in May and September, and were well-detected from other crops. Therefore,
the images of these two months were used for detection in the all studied years.
According to the results of previous studies, support vector machine and artificial
neural network could be used as two reliable image classification methods for
detecting the crops vegetation cover (Rahimzadegan & Pourgholam ,2017;
Mokhtari & Najafi, 2015). The accuracy of image classification was assessed using
kappa coefficient and overall accuracy. Kappa coefficient and overall accuracy
showed the support vector machine method was superior than artificial neural
network method in classifying agricultural lands and detecting studied wheat-and
soybean-grown fields. In the all images, the calculated overall accuracy coefficient
was more than 80% (0.84 to 0.92 for wheat; and 0.84 to 0.90 for soybean) and
kappa coefficient was greater than 0.8, indicating the reliability of the classification
outputs. According to comparisons of satellite image-based estimations and real
recorded statistics, about 93% of the estimated areas of wheat - and soybean grown
fields in the 16 consecutive years of study were within the range of 15% confidence
level, which indicates that this method is reliable to detect these two crops using
images of April (for wheat) and September (for soybean).

Conclusions: The support vector machine method of classification was identified
as the superior method. wheat- and soybean-grown fields maps extracted from
satellite images can be used as a base layer for regional modeling, providing yield
gap layer, calculating the water requirement, designing crop pattern etc.

Keywords: Remote sensing, classification, Artificial neural networks, Support
vector machine.
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