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Introduction
The reliable and accurate information on the land cover 

(LC) maps can help to provide basic geographical information 
for further decision making in natural resources management 
activities. Satellite images with the advantages of almost real 
time and large areas of coverage are mostly employed to produce 
the LC maps [1,2]. However, the automatic image classification 
procedures whatever supervised or unsupervised, pixel based 
or object based algorithms offer a big challenge in obtaining 
accurate LC maps, especially in dealing with the salt-and-pepper 
noise which are highly fragmented features and commonly 
existed in the classified images [3]. This limit the possible 
applications of the LU maps derived from satellite imagery. The 
RS software ENVI provides some useful tools such as majority, 
clump and sieve to eliminate the effect of salt-and-pepper noise, 
the post-processing results are influenced largely by the window 
size and filter or cluster models. Many researchers have also 
make great efforts in improving the accuracy of the classified 
images in which the most common approach is to incorporate 
the ancillary data such as elevation, slope, aspect, geology, soil, 
hydrology and vegetation maps before, during, or after the image 
classification [4,5]. 

Considering the spectral similarity between two different LC 
types, this paper merges the fragmented features of one LC type  
into the other LC type with the least J-M distance pair separation. 
The salt-and-pepper noise is removed and the classification 
accuracy is improved in this post-processing approach.

J-M Distance
Jeffries-Matusita (J-M) distance is a separability index for 

classification. The J-M distance JMij is defined for two groups of 
trained samples i, j as the follow:

                .……………………. (1)

 

  …………….……….. (2)

where,  are two comparable LC types;  and  
are the covariance matrix and the mean vector of class i and j 
respectively. A big J-M distance means that a big probability 
of separation between two classes, while a small J-M distance 
indicates these two classes are easily confused because of the 
spectral similarity. 
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Abstract

This paper deals with the salt-and-pepper noise existed in the classified satellite images based on the spectral similarity which is identified 
by the Jeffries-Matusit (J-M) distance. An increased order of J-M distances for the collected samples of the land use/cover (LUC) types are 
established, the LUC type with the least J-M distance pair separation is chosen and whose patches area less than the minimum mapping unit 
(MMU) are combined to the other LUC type of the pair. The same processing procedures are performed for all the LUC types. The remaining 
patches in the last LUC type are merged into the neighboring polygons with the largest shared border based on the nearest theory in the field of 
map generalization. The optimal image sizes and the correspondingly minimum patch areas for different land cover types are determined based 
on the results of accuracy assessment. By comparing this post-processing method with the results from ENVI majority model, this proposed 
method is not only proved to eliminate the salt-and-pepper noise, but improve the classification accuracy to some degree.
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Figure 1: Flowchart of removing of the noise.

Based on the J-M distances between two LC classes, an 
increased order of the J-M distance pair separation is formed. 
Beginning from one of the LC classes with the least J-M distance 

pair separation, the fragmented features whose areas less than 
the minimum mapping unit (MMU) are combined to the other 
LC classes which are performed the same iterative processing 
procedure until all of the LC classes are processed. All of the 
remaining slivers are merged into the neighboring polygons 
with the largest shared border based on the nearest theory in the 
field of map generalization. The detailed flowchart for removing 
the salt-and-pepper noise is presented in Figure 1.

Experiment and Result
The Operational Land Imager (OLI) image with path/row of 

123/032 onboard the satellite of landsat 8 was downloaded and 
performed image classification [6]. For eliminating the highly 
fragmented features, several moving windows as 5×5, 7×7, 9×9, 
…, 17×17 are tested and compared with the result obtained by 
majority model with 3×3 windows. The accuracy is presented 
in Table 1. 

Among all of these parameters of accuracy assessment, 
Kappa coefficient is a synthetic index indicating the accuracy of 
LC maps. We can see from Table 1 the LC map accuracy derived 
from moving windows from 5×5 to 15×15 are higher than the 
results derived from majority model with 3×3 window size, 
while it decrease from window size 17×17. Considering the line 
shaped LC classes of water bodies, the moving window with 7×7 
is employed to produce the LC map which is showed in Figure 
2(a) and compared with the LC map processed by Majority with 
3×3 window size in Figure 2(b). 

Table 1: Accuracy assessment of LC maps for different window sizes.

PS

LC/Class

3×3 5×5 7×7 9×9 11×11 13×13 15×15 17×17

PA/UA PA/UA PA/UA PA/UA PA/UA PA/UA PA/UA PA/UA

WB% 92.4/100 91.1/100 97.4/100 93.9/100 91.4/100 88.5/100 84.0/100 80.7/100

BU% 86.6/80.4 98.7/80.8 93.6/90.6 93.6/89.9 93.6/88.89 93.6/91.4 93.6/92.5 93.6/89.7

RR% 77.5/67.3 77.0/76.6 71.9/90.2 70.9/84.6 70.1/83.6 73.7/84.3 73.7/83.5 66.8/77.6

GL% 91.7/84.3 90.0/82.2 93.3/88.1 93.3/86.7 93.3/85.8 93.3/84.3 93.5/81.8 92.0/81.4

BL% 79.05/85.35 75.1/82.2 92.7/72.6 78.1/85.2 90.1/71.8 90.1/72.2 88.1/71.7 81.9/72.1

FL% 72.6/81.3 82.1/86.5 77.9/84.8 90.9/73.5 78.3/85.3 78.3/84.3 79.6/83.2 79.6/76.1

Fs% 98.3/96.2 98.5/100 99.4/100 99.4/100 99.4/100 99.4/100 99.4/100 99.4/100

OA% 84.3 86.7 88.9 88 87.6 87.6 86.9 82.2

K 0.816 0.843 0.871 0.86 0.855 0.855 0.848 0.786

Note: PA-producer accuracy; UA-user accuracy; OA-overall accuracy; K-Kappa coefficient; WB-water bodies; BU-urban build up; RR-rural 
residential areas; GL-green lands; BL-bare lands; FL-farm land; Fs-Forests.
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Figure 2: LC maps from majority model and the proposed 
method in this paper.

Conclusion
The post-processing method proposed in this paper can 

remove the highly fragmented features commonly existed in 
the classified satellite images, especially with medium spatial 
resolution imagery. Such that the method can be employed to 
improve the accuracy of LC map so as to broaden the applications 
of the satellite derived LC maps.
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