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Executive Summary 

Spatial Information about land cover and land use in urban areas is needed various kinds of planners and 

research professions, such as land use planner, transport planner, architect, hydrologist also urban climate 
researcher (www.awhasyim.wordpress.com, accessed 2011). According to Eric F. Lambin, Helmut Geist, 
(2006), Land use is a land management information which is obtained from a very detailed analysis. Currently, 
information on land cover can be easily obtained by using satellite imagery. Through image processing of satellite 

recordings with sophisticated sensor technology, variety and characteristics of land cover can be known in 
detail.  WORLDVIEW 2 is the image of the New High Resolution Spectral Bands that have excellent band from 

DigitalGlobe Inc; Coastal Band (400-450nm), Yellow Band (585-625nm), Red Edge Band (705-745nm), and Near 
Infrared 2 Band (860-1040nm) , and 4 other standard band of red, green, blue, and near-infrared 1. These bands 
very suitable for reading urban land cover classification. This research examine spatial statistic of 8 band-
WORLDVIEW 2 by comparing classification techniques using SAM (Spectral Angle Mapper) method and 
Maximum Likelihood (ML) method to give the best classification results and which most appropriate bands affects 
the reflection spectrum of urban objects.  

1. INTRODUCTION 

Urban land utility is physically tangible in land cover (Qihao Weng, 2008).  Human activities in land surface are 

varying widely, so as to provide different urban characteristics of each area, especially in Indonesia, which has 
many traditions. However, a fundamental thing that occurs in complex urban issues is urban space scarcity to 
provide land supply and demand to perform activities (CHENG et al., 2003, Blackman, D, 2006). The uniqueness 

of each area of urban land cover is expected to provide huge information to the planners so as to help them when 
making decisions. Thus, multispectral image data is required in order to read the details of urban land cover, in 

order to produce accurate classification with categorization based on pixel values (Brandt Tso, Paul Mather, 
2009). 

The development of satellite images technology in such very rapid. Previously, Remote Sensing researchers got a 

little bit difficulties to analysis land cover observations, particularly for detail land cover classifications, who utilize 
LANDSAT multispectral imagery products by the year 2003 as a result of malfunctioning of SLC (Scan Line 
Corrector) or SLC Off (www.adipandang.wordpress.com, accessed 2011). However, today, remote sensing 

researchers can be happy because of multispectral imagery with New High Resolution Spectral Bands have been 
present beyond the ability of spectral resolution and spatial resolution of LANDSAT which has 7 
band. WORLDVIEW 2 multispectral satellite image that recently launched by a large company DigitalGlobe has 8 
bands. New High Resolution Spectral Bands on WV-2 is the Coastal Band (400-450nm), Yellow Band (585-

625nm), Red Edge Band (705-745nm), and Near Infrared 2 Band (860-1040nm), and 4 band standard Another is: 
red, green, blue, and near-infrared 1. WV-2 with better resolution (2m) than Landsat (30m) further simplify the 

process of interpretation, so that an error reading image pixel boundaries or areas that often occurs when making 
the ROI (Region of Interest) can be minimized. 

Areas of interest study in this research is Sukun district in Malang city-INDONESIA with land cover characteristics 
that distinguish built-up area of industrial activities, new housings, roads and un-built up area of vegetation, 
rivers and rice fields. The boundaries between activities on land cover have a repetitive pattern and a random 
distribution, making it difficult to distinguish clearly through the manual method. Classification method used in this 
paper is supervised Maximum Likelihood (ML) and Spectral Angle Mapper (SAM). In the ML method distributed 
the pixels are considered normal and have the same value, then grouped into 1 class. Maximum Likelihood 
formula, written (Brandt Tso, Paul Mather, 2009):  
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Where:  
Cj = covariance matrix of class wj with dimension ρ, µj, is the mean vector of class wj, and  denotes the 

determinant. 

 = the probability of coexistence (or intersection) of events x and w 

 = vector transpose  

 
Meanwhile, SAM classification formulated by Kruse (1993), a method of classification by comparing the direct 
interaction of wave spectra image of the unknown (i) in band b of the wave spectra of reference (r) in band 
b,written as the following equation:  

 

 

Where: 
n = Number of bands involved  

 
Conducted testing of the bands that are owned by the multispectral imagery, namely the New High Resolution 
Spectral Bands and a few other bands on the WV-2 courtesy of a big company DigitalGlobe by providing the 
image we needed for free by joining 8-band challenge competition. So that, this research will make the reference, 

especially for researchers in urban (planner) for beyond urban and regional analysis which is not fixated on the 
standard bands like the previous generation of satellite imagery. Then prepared the following research questions, 
“how much influence each band of spectral reflectance in urban areas?”  

 
2. METHODOLOGY AND DATASET 

 
Observations made in the study area of Sukun District in Malang City, with the recording date and Satellite Image 
number-M3DS_R1C1 10JAN14024801 image-052470291010_01_P002. Extensive observations of size 
2.042x1.959 pixels or 4,000,278 pixels. Next, a subset of urban objects that are considered interesting to 
observe. Subset I (see Figure 1) measuring 1.151x871 pixels or 1,002,521 pixels, or 4 km 

2
 based on spatial 

resolution WV-2 (2m), subset II (see Figure 2) measuring 1.147x850 pixels or 974,950 pixels or 3.9 km 
2
 . The 

procedural steps for land cover classification and the influence of each band of urban objects in this research can 
be seen in Figure 3. 
 

 
Figure 1.  Subset 1, covering an area of 4 km 

2,
 with         

a combination of natural bands 5,3,2 

 
 
 
 

 

 
Figure 2.  Subset 2, covering an area of 3.9 

km 
2,
 with a combination of natural 

bands 5,3,2 
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Satellite Imagery WORLDVIEW 2 as new products of DigitalGlobe launched in October 8, 2009. The file contains 
the image of WV-2 in a geometric condition has been corrected, so that more and shorten the time to process it 
immediately. There are 2 types of images in it, namely, Multispectral 8 band and Panchromatic. 8 band 
multispectral image used for test each band and land cover classification, while the panchromatic imagery with 
better resolution 0.46 m be used to assist the process of interpretation (Stuart Murchison,http://www.utdallas.edu/ 
~ smurchison / , accessed 2011). 

In order to further computational processing performed separation of noise in image data of each band WV-2 
(Boardman and Kruse, 1994). This research using MNF (Minimum Noise Fraction) transform to remove the noise 

data and determine which ones contain coherent band images (by examining the images and eigenvalues), and 
check the bands that have a value of eigenvalues greater than 1 or contain data. Meanwhile, the band that has a 
value of eigenvalues narrow 1 or containing noise is not used in this analysis. Through the MNF transform is 

known, that the eigenvalues all bands WV-2 is greater than 1, meaning that all the bands WV-2 in good quality 
and it is recommended for beyond process analysis (see Figure 4).  

 
Figure 3. Step achieve ML and SAM supervised classification, and 

testing of each band WV-2  

http://translate.google.com/translate?hl=id&sl=id&tl=en&prev=_t&u=http://www.utdallas.edu/~smurchison/
http://translate.google.com/translate?hl=id&sl=id&tl=en&prev=_t&u=http://www.utdallas.edu/~smurchison/
http://translate.google.com/translate?hl=id&sl=id&tl=en&prev=_t&u=http://www.utdallas.edu/~smurchison/
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Figure 4. Each band in WV-2 stated there is no noise 

The next stage is band compositing, enhancement and, if necessary panchromatic imagery can be used to 
facilitate the introduction of land cover object when its interpretation. There were 12 ROI (Region of Interest) are 

made in the image based on pixel similarity, among others: housing (housing_1 and housing_2), roads, industry, 
trees (trees_1 and trees_2), river, rice fields, wet land (wet and wet land_1 land_2) , grass, and cloud. 

Testing the adequacy of ROI data for each band WV-2, Based on the distribution of pixel data obtained from the 
standard deviation value. The smaller or lower standard deviation value, getting closer to Mean, means the quality 
of data is become even better. Mean Equation (1) and Standard Deviation (3) is the root of the variance (2) is 
written as follows (Steel et. Al, 1991),  

 

 (1) 

 

(2) 

 

 
 

(3) 
 

 
Before doing Urban land cover classification, the entire pixel observations re-tested for each band WV-2 based on 
the spatial statistic using index Moran's I to know the relationship neighbourhood spatial (Spatial Autocorrelation) 
a local homogeneity between pixel neighbors and the mean (Cliff, AD and Ord, JK, 1973). Moran's I index values 
range from +1 and -1, where +1 = has a strong spatial Autocorrelation positive, 0 = no Autocorrelation, and -1= 
have a strong spatial Autocorrelation negative. Moran's I index equation is written as follows: 
 
 

 

(4) 

where,  xj is the value of a pixel for band j, xi is the value of a pixel for band i and N = number of bands. 
 

3. RESULTS AND DISCUSSIONS 

Making ROI on the image with the location Sukun Distrit with geographical Location 674,888.706 ,9118756,747-E 
up to 678,958.178-S, 9,114,819.461-E UTM (WGS-84) requires precision mainly deal with land cover similar 
material but no similar activities . Thus, it is not uncommon to distinguish through the coding of the same name 
but different types, such as housing_1 and housing_2, trees_1 and trees_2, wet and wet land_1 land_2. In 

housing_1 and housing_2 using clay base material for the old houses and using ceramics on new 
houses. Trees_1 and trees_2 differentiated based on the growing such as near wet areas like surround river 
areas or dry areas like urban areas. Physically, trees in wet areas or surround river areas have a lot of leaves, 
compacts, branches with many, strong, and high limbs. Conversely, urban trees are ornamental plants that have 
leaves no compacts, low position, and the plants branches is less strong. For wet land_1 and wet land land_2 

differentiated by the continuous wet and not continuous wet, for a continuous wet, water generally does not 
immediately infiltrate into the soil or settle on the ground surface. Malang city specifically Sukun district are still in 

7,74 
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a state of the rainy season occurs 2 times a day rain, day and night. Thus, not infrequently lands without 

pavement are always in wet conditions (wet land_1). 

Through a statistical test against 12 ROI based on spectral reflectance and wave length bands of influence, in a 
sequence based on the standard deviation value arrange as in table 1. 
 

Table 1. Band which influenced ROI 

 

Band Number Region Of Interest (ROI) 

1. 400-450 nm (coastal) rice field, wet land, trees, asphalt, grass, housing_1, industrial, river, trees_2, 
housing_2, wet land2, cloud 

2. 450-510 nm (blue) rice field, wet land, trees, asphalt, grass, housing_1, industrial, river, trees_2, 
housing_2, wet land2, cloud  

3. 510-580 nm (green) housing_2, wet land, trees, grass, housing_1, river, trees_2, wet land2, cloud 

4. 585-625 nm (yellow) rice field, wet land, trees, grass, river, trees_2, wet land2, housing_1, housing_2 

5. 630-690 nm (red) rice field, wet land, trees, asphalt, grass, housing_1, industrial, river, trees_2, wet 
land2, cloud, housing_2 

6. 705–745 (red edge) wet land, industrial, river, wet land_2 

7. 770–895 (near IR-1) wet land, asphalt, housing_1, cloud, river, wet land2, trees_2, housing_2 

8. 860-900 nm (near IR-2) cloud, wet land, industrial, wet land_2 

 

 
Results in Table 1, the graphic can be seen as in table 2 below,  

Table 2. The value of standard deviation and the bands at wv-2  

 

Value and Band Number graphic 
Ba
nd 

Standard  
Deviation 

Value and Band Number graphic 
Ba
nd 

Standard 
Deviation 

 

1 
2 
3 
4 
5 
6 
7 
8 

2.040306 
2.764182 
6.595883 

10.552327 
5.969213 

19.999948 
61.578512 
90.829308  

1 
2 
3 
4 
5 
6 
7 
8 

17.353683 
26.492052 
47.246164 
46.294099 
22.958251 
43.843320 
25.873519 
38.190446 

 

1 
2 
3 
4 
5 
6 
7 
8 

1.351762 
1.428928 
2.549113 
2.437062 
1.519553 

13.603703 
12.603632 
18.604594  

1 
2 
3 
4 
5 
6 
7 
8 

3.621229 
4.082885 
6.135378 
5.407302 
2.440928 
8.675315 
9.214333 

15.688313 

 

1 
2 
3 
4 
5 
6 
7 
8 

3.111212 
4.434690 

21.729290 
16.881404 

5.534313 
69.153184 
72.210089 
99.298003 

 
 

1 
2 
3 
4 
5 
6 
7 
8 

2.243190 
2.712729 

11.416504 
8.420707 
2.888859 

36.431422 
35.540577 
48.808602 

 

1 
2 
3 
4 
5 
6 
7 
8 

19.816176 
32.800624 
70.288376 
91.247229 
45.196973 
89.560401 
53.420641 
72.153566  

1 
2 
3 
4 
5 
6 
7 
8 

12.235038 
18.642422 
33.407291 
54.964333 
37.040109 
82.884390 
49.477243 
69.876213 
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1 
2 
3 
4 
5 
6 
7 
8 

3.746661 
5.861796 

16.434846 
14.150469 
10.106313 
68.452500 
85.528827 

123.986117  

1 
2 
3 
4 
5 
6 
7 
8 

1.364734 
0.963933 
2.322893 
1.500000 
1.125463 

14.342100 
12.576267 
18.735772 

 

1 
2 
3 
4 
5 
6 
7 
8 

8.222477 
11.024121 
23.290422 
37.429947 
22.532775 
48.747253 
36.059533 
52.612942  

1 
2 
3 
4 
5 
6 
7 
8 

55.064282 
69.205106 
61.537508 
91.653064 
46.272596 
87.958150 
51.049056 
79.662300 

 

Furthermore, to find out neighborhood spatial (Spatial Autocorrelation) based on similarity of pixels values in an 
overall observation of 4,000,278 pixels, shown by the Autocorrelation Index value in each band (Table 3).The 
table shows that each band has a very strong positive effect (close to +1) of spectral reflectance values of each 
pixel, and neighborhood spatial against the average value (mean), so the size of local homogeneity can be 
known. The stronger the Autocorrelation Index, provide a level of classification accuracy based on the band and 
the homogeneity of pixel values become even better.  

 

Table 3. Autocorrelation Index on each band 

 

Band Number Autocorrelation Index (Moran’s I) 

Band 1 0.9882007989 

Band 2 0.9822593376 

Band 3 0.9749000907 

Band 4 0.9703665595 

Band 5 0.9681686592 

Band 6 0.9677255431 

Band 7 0.9668956383 

Band 8 0.9673955708 
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After doing statistical tests on the ROI and the spatial statistics at each pixel, the result of classification based on 
the ML and SAM, shown in figure 5,6,7 and 8.  
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Figures 5 and 6 then 7 and 8 arrange systematically in stage to make it easier  comparing the results of 
classification  through supervised ML method and SAM. It can be seen in the area with black circles, the results of 
 classification on Subset-1 (ML) in figure 5 in circle 1 is dominated by housing_2 while at the same place Subset-1 
(SAM) is dominated housing_1 (Figure 6 circle 6).  In  figure 5 circle 2, the pixels on ML classification 
trees_1 legible and should still have trees_2 and rice fields as in Subset-1 (SAM) infigure 6-circle 5. 
Some comparisons  ML and SAM classification results can be seen in figure 5 -  circle 3 with 6-circle  4, figure 7 –
 circle 10 with figure 8-circle 13, figure 7 -  circle 11 with figure 8 - circle 14 shows the results 
of the ML classification less sensitive to differences in common pixel value or range of similarity value of pixels is 
huge, so it is considered a class. Conversely, in figure 6-circle7 and figure 8-circle 12 shows the results 
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of SAM classification has a limited range of similarity value of pixels is too narrow so that there are areas do not 
have class (unclassified). 
Based on the above case, we can say the results of SAM classification method is still better than the results 
of classification using the ML method. It still can be shown with standard deviation value of each classification of 
the ROI in the following table 4. 

 
 

Table 4. Results of classification and standard deviation 
 

Supervised Classification Standard Deviation 

ML 3.439297 

SAM 3.145783 

 
 
4. CONCLUSION 

 
WV-image-2 with New High Resolution Spectral Bands have a spatial resolution (2m) and is supported  
panchromatic band with a spatial resolution of 0.46m is very suitable for urban planning purposes because it  
provide information on land cover better than any other images. Multispectral bands in WV-2 proved to 
be separate with appropriate spectral reflectance values in accordance with wavelength in each band,so it 
will produce more accurate classification. Conversely, experiences and meticulous of the researchers when build 
up or the determination of ROI based on the pixel similarity  is to determine quality of final classification 
of an image. 
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