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2- Land use/Land cover (LULC)
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1- Support Vector Machine (SVM)
2- Backpropagation
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Figure 1- Location of the study area and distribution of the ground control points
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1- Fast Line-of-sight Atmospheric Analysis of Hypercubes
2- Feed forward
3- Scaled conjugate gradient backpropagation
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Table 1- LULC categories delineated for the classification in the study area

o8 8 oW ol o
Class Number Class Name Description
1 $39laS 52 9 piS ile )y by e
Agriculture Fine grain cereals like wheat and barely
2 Ak g aailisg) o bajed sluel )3 glazs > 5 (555 sl yiudsy
Buffer Forests Trees and shrubs that grow next to streams and rivers
3 £l 0d cudlS jate ks
Orchard Trees and shrubs which are intentionally grown for food production
4 Sl s gl Slg QLS (s b (b &1
Range Brush Rangelands characterized by vegetation dominated by shrubs
5 sl dgle @l OlodiS B lalS Jidsy b b 150
Range grasses Rangelands characterized by vegetation dominated by grasses
6 (s i it s 41043 455 e 5 (5,05 3l
Urban Areas Commercial and residential areas with man-made structure
7 o3l JBgdes 4 bgrpe (sl e
Road Transport lines
g ol 1aS g b ale 1]l
Water Open water like dams and ponds
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Table 2- Distribution of ground control points among LULC groups for different data sets
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o i
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Oleidy Jlp opuaile Training
oo
SVM 03 95 6 11 27 37 5 4 12
Test
o i
o 456 27 50 118 165 28 23 49
Training
) s . 1.00
ST o 98 5 12 2 37 4 5 10
ANN Validation
cand]
o7 95 6 11 27 37 5 4 12
Test
;jl 649 38. 73 171 239 37 32 71
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Table 3- Structure and performance of the developed SVM models

o Come L o
Je oS 5 5o FS &b Overall Accuracy Kappa Coefficient
Model Coding Design Kernel Function 90! Y3 Js 90! 09051 Js
Training Test All Training Test All
1 6‘; j:.%ﬁé ra dﬁgasis 838 756 821 763 639 738
2 6‘1’; j:’:);z L;;far 785 733 775 686 607 670
3 (‘; 3’:.’5‘; Pz)l‘;r):o ﬁ; = 841 794 831 766 695 752
4 &jﬁ‘;%ﬁé P‘;l‘*y’lfo ﬁ;’ = 872 802 85.8 814 708 793
5 éjﬁ;’a‘; P‘;l‘;’; i:';’ = 917 809 89.5 880 723 849
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Table 4- Error matrix of classified data using SVM (first values) and ANN (values after slash)

& o S s
Reference Classes A Co
Users’
1 2 3 4 5 6 7 8 Accuracy
1 623/594 2/7 9/12 4/7 20/35 1/5 6/20 0/0 93.7/87.4
2 0/4 31/17 1/4 4/3 0/1 0/0 0/0 0/0 86.1/58.6
a3 ‘{, 3 3/6 2/9 56/46 1/9 1/1 0/0 0/0 1/1 87.5/63.9
[¢]
o
:f_;,' % 4 1/1 2/2 2/5 143/109 25/40 0/0 0/0 0/0 82.7/69.4
o
g_.? C;V 5 21/37 1/2 5/6 18/40 191/162 0/2 1/9 0/2 80.6/62.3
2%
2 & 6 0/4 0/0 0/0 0/2 0/0 36/30 0/1 0/0 100.0/81.1
7 1/3 0/0 0/0 1/0 2/0 0/0 23/2 0/0 85.2/40
8 0/0 0/1 0/0 0/1 0/0 0/0 2/0 70/68 97.2/97.1
oS 96.0/91.5 81.6/44.7 76.7/63 83.6/63.7 79.9/67.8 97.3/81.1 71.9/6.3  98.6/95.8 89.5/78.5
Producers’

Accuracy
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Table 5- Comparison of SVMs and ANN classifires and McNemar’s test results

o oo Ll oyl N3 xe s
J Overall Accuracy Kappa Coefficient P Value
Model 095! Js 095! Js 095! Js
Test All Test All Test All
Ol Sz osdle 80.9 89.5 72.3 84.9
SVM 0.07 <0.0001
(Fshae pas Bl 77.1 78.5 66.7 68.5

ANN
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Figure 2- LULC maps of the studied area prepared using a) SVM and b) ANN approaches
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Introduction: Land use and Land cover (LULC) information has been identified as one of the crucial data
components for a range of applications including global change studies, urban planning, agricultural crop
characterization, and forest ecosystem classification. The derivation of such information increasingly relies on remote
sensing technology due to its ability to acquire valuable spatiotemporal information on LULC. One of the major
approaches to deriving LULC information from remotely sensed images is classification. Numerous image
classification algorithms exist. Among the most popular are the maximum likelihood classifier (MLC), artificial neural
network (ANN) classifiers and decision tree (DT) classifiers. Conventional parametric method like MLC is based on
statistical theory and assumes a multivariate normal distribution for each class. In case of data that has non-normal
distribution (which is common with LULC data), the parametric classifiers may fail since the inability to resolve
interclass confusion. This inability is the major limitation of parametric classifiers. Nonparametric classifiers like ANNs
and DTs, which do not rely on any assumptions for the class distributions of data, could overcome the aforementioned
limitations of parametric classifiers. The support vector machines (SVMs), a nonparametric classifier, that has recently
been used in numerous applications in image processing, represents a group of theoretically superior machine learning
algorithms. The SVM employs optimization algorithms to locate the optimal boundaries between classes. It was found
competitive with the best available classification methods, including ANN and DT classifiers. The classification
accuracy of SVMs is based upon the choice of the classification strategy and kernel function. The objective of this study
was to investigate the sensitivity of SVM architecture including classification strategy and kernel types to identify
LULC information from Landsat Enhanced Thematic Mapper (ETM) remote sensing data in Gavshan dam watershed in
west of Iran.

Materials and Methods: SVMs were used to classify orthocorrected Landsat ETM images of May, 2016. Image
pre-processing such as atmospheric correction were conducted before utilization. Three classification strategies (One
versus one, one versus all and ordinal) and three types of kernels (linear, polynomial and radial basis function) were
used for the SVM classification. A total of 18 different models were developed and implemented for sensitivity analysis
of SVM architecture. A two-layer feed-forward Perceptron network classifier with sigmoid hidden and softmax output
neurons was also used for comparison. The network was trained using scaled conjugate gradient backpropagation
algorithm. A total of 1320 ground control points were collected to train, validate and test the SVM and ANN models.
Ground truth locations on each image were identified using the GPS coordinates for extracting spectral reflectance data
of seven bands (Bands 1-7) of Landsat ETM images. The LULC class of each point was identified using land survey or
Google earth images. The identified LULC classes were agriculture, buffer forests, orchard, ranges brush, range grasses,
urban areas, roads and water.

Results and Discussion: The results suggest that the choice of classification strategy and kernel types play an
important role on SVMs classification accuracy. Statistical evaluation of the SVM models against the ground control
points showed that the one versus one classification strategy had the highest accuracy than the two other ones for any
kernel function type and the polynomial kernel function had the highest accuracy than the two other kernels for any
classification strategy. The SVM model with polynomial (n=3) kernel and one versus one classification strategy
outperformed all SVMs models and gave the highest overall classification accuracy of 78.5 and Kappa coefficient of
68.5. The McNemar’s test clearly showed significant improvement of the best SVM model in comparison to the ANN
model (P<0.001). Also, the user accuracy and producer accuracy achieved by best SVM model were higher than ANN
model for all LULC classes. In both approaches water and agriculture categories have high accuracy while roads have
low accuracy. The resulting LULC map indicated that most parts of the studied area (52.8%) have been assigned to the
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agriculture. The ranges brush and range grasses categories cover 12.5% and 26.8% of the watershed, respectively. Only
about 2.7% of the watershed have been covered with trees.

Conclusions: This study suggests that the SVMs approach based on Landsat ETM bands may provide reliable and
accurate LULC information even better that best ANN approaches. However, choice of classification strategy and
kernel types play an important role on SVMs classification accuracy. Best model of polynomial kernel and one versus
one classification strategy outperformed all SVMs and ANN models and gave the highest classification accuracy.
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