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Land cover classification of Yancheng Coastal Natural Wetlands based on BP

neural network and ETM+ remote sensing data

XIAO Jincheng, OU Weixin ", FU Haiyue
College of Land Management, Nanjing Agricultural University, Nanjing 210095, China

Abstract; It is necessary to classify wetland remote sensing efficiently and accurately for monitoring and management of the
wetland resources. In this study we used ETM+ ( Enhanced Thematic Mapper) remote sensing data from the United States’
Landsat-7 satellite, after strip processing, to build a coastal wetland classification model. This was based on a back-
propagation ( BP) neural network using the Matlab neural network toolbox (late 2010 version). The model was applied to
natural wetland cover classification research in the core area of the Yancheng National Natural Reserve for Coastal Rare
Birds. The natural cover of the study area can be divided into eight types: Spartina alterniflora, Suaeda glauca, Imperata
cylindrica, Phragmites australis, Sandy beach, Muddy beach, Pond water and Shallow water.

The choice of input layer variables for the BP neural network, the hidden layer set and the optimization algorithms,
were quite different from previous studies and this impacted directly on the efficiency and accuracy of classification. In this
study we conducted the following analysis. First, by the analysis of single-band information quantity and the correlation
among bands, band 3, band 4, band 7 and band 8 were chosen as input layer variables for the BP neural network and then
fused with each other. This achieved a remote sensing image resolution of 15m X 15m. Second, by comparing the training
accuracies of the BP neural network with 2 to 17 single hidden-layer nodes, 10 single hidden layer nodes were defined for
the model. Third, the output layer variables of the BP neural network were matched to the 8 natural wetland cover types into

which the area is to be divided. Roughly equal numbers of training samples were chosen for each type, with the total number
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of training samples reaching 900 pixels. Finally, a cover classification model for coastal wetlands based on three-layer BP
neural network was built, and cover classifications were completed for the research area. In addition, we used ENVI 4.8
software to make cover classifications of the research area by the Minimum Distance method and the Likelihood Classification
method, on the premise that the training sample nodes were unchanged. We used an Artificial Visual Interpretation method
to get standard classifications for the research area, based on field surveys. We calculated interpretation accuracies of the
previous three classification results, compared with the standard classification results.

The results showed that this coastal wetland classification model provides efficient land cover classification of the
Yancheng Coastal Natural Wetlands. The overall accuracy of the BP classification was 85.91%, and the Kappa coefficient
was 0.8328. Compared with the Minimum Distance method and Likelihood Classification method, the total classification
accuracy was 7.99% and 6.08% higher, respectively. The Kappa coefficient was also increased. Therefore, the classification
method of BP neural network provides a more effective wetland remote sensing image classification technology that can
improve the accuracy of classification. In future studies, other geographic information should be considered in the input layer

variables for the BP neural network, and other, better, artificial neural network models can be chosen.

Key Words: BP neural network; ETM+ remote sensing images; wetland cover classification; Yancheng Coastal Wetland
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Fig.3 Structure of the three-tier BP neural network
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Table 1 Spectral information and Matrix of correlation coefficient among ETM+ bands

FH BEAGIHE R Basic stats AHIC R BUERE Correlation
Ttem I/ME IS UN] FH{E b2 BB B2olBE F3WE BB BSWER O BTEER
Min Max Mean Stdev Band 1 Band 2 Band 3 Band 4 Band 5 Band 7
Band 1 67 135 76.751 4.832 1
Band 2 47 117 60.231 6.862 0.951 1
Band 3 38 128 57.388 11.628 0.936 0.951 1
Band 4 24 99 49.998 6.837 -0.312 -0.31 -0.442 1
Band 5 8 87 49.842 13.186 -0.132 -0.208 -0.212 0.577 1
Band 7 6 67 28.177 7.549 0.096 0.008 0.047 0.354 0.93 1
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Table 2 Number of the training samples
BRI Cover types cl c2 C3 c4 cs5 C6 c7 C8 A3t Total
FEAR XA Sample area number 11 23 11 11 11 11 15 7 100
SMZICAEL Total pixel number 99 207 99 99 99 99 135 63 900
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Table 3 The Jeffries-Matusita Parameter of ROIL

1] 4B 413 A4V 4131 A4 13 A4 HE

Class Separability Class Separability Class Separability Class Separability
C1—C2 1.99392044 C2—C3 1.99016894 C3—C5 1.98984170 C4—C8 2.00000000
C1—C3 1.99932739 c2—C4 1.99999807 C3—C6 1.99768283 C5—C6 1.99874836
Cl1—C4 1.99959657 C2—C5 1.98417489 C3—C7 1.99999755 C5—C7 1.99998515
C1—C5 1.99999822 C2—C6 1.99998865 C3—C8 2.00000000 C5—C8 2.00000000
C1—C6 1.99915487 c2—C7 1.98808817 C4—C5 1.99987504 c6—C7 1.99999975
C1—C7 1.99567585 C2—C8 2.00000000 C4—C6 1.90495547 C6—C8 2.00000000
C1—C8 2.00000000 C3—C4 1.99346366 C4—C7 2.00000000 C7—C8 1.79066399
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Table 4 R?and Res value on different hide nodes

B 21T BB LIBS3 4 TR TR P ReLE )2 77 r Bk MXRRE REHHR AR
Hidden layer nodes R? Res Epoch Hidden layer nodes R? Res Epoch

2 0.3882 10.0643 18 10 0.9814 3.7955 18

3 0.5123 9.9715 39 11 0.9701 3.8296 37

4 0.6336 9.9632 31 12 0.9560 4.3110 23

5 0.7055 9.9641 20 13 0.9786 3.9033 29

6 0.8238 10.0082 36 14 0.9738 3.9061 41

7 0.9331 4.9813 27 15 0.9636 4.4052 44

8 0.9317 6.0559 55 16 0.9756 3.8315 40

9 0.9638 4.0579 33 17 0.9732 3.9470 59
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Table 5 Classification accuracy compared with different classification methods/ %

TR Kappa 74X SRR

Classification C1 Cc2 C3 C4 C5 Co6 C7 C8 Kappa Total

methods coefficient accuracy
22 ) 4

BP #2212 84.14 94.17 81.09 75.78 83.72 90.76 85.67 89.15 83.28 85.91

BP Neural Network

21 B

Hx, ] EEW/Z_ 44.80 85.14  93.20 79.00 64.92 87.38 64.22 94.49 73.66 77.92

Minimum Distance

=) D &A‘

Ll 85.38 97.79 65.18 85.91 71.34 70.09 93.74  76.25 76.16 79.83

Maximum Likelihood
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Fig.5 Classification results used different classification methods
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