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Introduction: Geologic mapping is a result of im-
age segmentation and classification. A geological unit 
is characterized as a congenetic surface area with some 
image properties such as rocks (materials), topographi-
cal/geological structures, relative age in crater chronol-
ogy, and other geological features. Previous lunar and 
planetary geological mappings [1] were established on 
the basis of photogeological interpretation with texture 
and topographic features. On the other hand the recent 
lunar geologic researches have remarked surface rock 
types and mineral composition based on spectral fea-
tures of Clementine multiband images [e.g. 2]. The 
current Lunar Geologic Mapping Program has integrat-
ed all information [e.g. 3]. We try to consider a capa-
bility of automatic mapping with both texture and spec-
tral features from a viewpoint of computer science. 

Texture features are emphasized in traditional pho-
togeology. Texture pattern is controlled by topographic 
undulation in subpixel scale and illumination condi-
tions. Currently its available data sets are digitized high 
resolution images of Lunar Orbiter and Apollo, and 
soon Japanese Lunar mission “Kaguya” (~10 m/pixel). 
Spectral features as indices of surface materials are 
derived from image calculations of multiband data. 
Currently their available data sets are mainly 
Clementine band-registration one (~100 m/pixel). Thus, 
texture feature tends to give more detailed boundaries 
than spectral one does. Because boundaries of geologi-
cal units are characterized by their spatial discontinuity, 
possible combinations of the two features’ discontinu-
ity are the following three; 1) discontinuity in both fea-
tures (topographic undulation and surface materials), 2) 
discontinuity of only texture features such as lava flow 
units in the same composition, 3) discontinuity of only 
spectral features such as highly evened or modified 
surface by impacts.  

The purpose of this research is attempts to create 
vision of automatic mapping with both texture and 
spectral features in lunar geology. We adopt the vari-
ance of pixels as a statistical index of texture informa-
tion. The larger variance means the larger degree of 
surface undulation because of distribution of their 
shadow areas. The most popular spectral features are 
derived from ratio operations [2]. Material properties 
mean the progress of space weathering and the contents 
of mafic minerals. The 750 to 415 ratio is sensitive to 
the progress of space weathering. The 750 to 950 ratio 
is sensitive to the presence of mafic minerals. The 415 
to 750 ratio is sensitive to fresh soils.  

Data/Method: A high-resolution image of “Apollo-
17” (AS17-0453) and 5-band multi-spectral images of 
“Clementine” (UI17N021) were used for extracting 

texture and spectral features. The location of images is 
the same southern edge of the mare Selenitatis at 21°E, 
19°N. The width of Figs. 1-4 is 159.8km, we find 
bright and dark basaltic sediments with typical photo-
geologic features such as wrinkle ridges and impact 
craters. Preliminary procedures of mapping are pro-
posed as follows; 
1) Spatial registration of each pixel between 

“Apollo” and “Clementine” images 
2) Filtering process for extracting variance of pixel 

values 
3) Extracting spectral features of each pixel 
4) Normalization of calculated properties of 1 & 2 
5) Classification of each pixel by k-means cluster-

ing method 
6) (Future step) Image segmentation 
1) Images of “Apollo” and “Clementine” are combined 
for per-pixel classification. Map projection of “Apollo” 
image data is fit into that of “Clementine” 
(SINUSOIDAL) using ENVI application.  
2) The value of variance is acquired by filtering proc-
ess whose shape of the filter is square. The size of a 
squared filter is 101 x 101. This filter size corresponds 
to about 2.8km x 2.8km in real scale. 
3) Three kinds of ratioing in Clementine data sets; 
750nm/415nm, 750nm/950nm, 415nm/750nm are 
adopted. 
4) The value of variance and ratioing are normalized to 
the interval [0, 1] because the difference of dynamic 
range in the two affects clustering results as weighting. 
This data set shows that the value of variance ranges 
from 100 to 9000 and the value of retioing does from 
0.7 to 1.8. 
5) K-means clustering method is used for classification 
based on the three factors; variance, 750/415nm, and 
750/950nm. Because 415/750nm is reciprocal number 
of 750/415nm, we choose one. The number of class is 
set for 5. Each class is colored by the result of classifi-
cation for visualization. 

Results: Fig. 1 shows the result of registration of 
original “Apollo” image. Fig. 2 shows the result of 
variance for “Apollo” image. Bright pixels show high-
variance region and dark pixels show low-variance 
region. Fig. 3 shows the results of ratioing for 
“Clementine” multi-spectral images. Figs. 3(a)-(c)  
show the results of 750nm/415nm, 750nm/950nm, and 
415nm/750nm, respectively. Fig. 4 shows the result of 
k-means clustering.  

Discussion and Summary: Distribution of high-
variance pixels (white) shows sinuous patterns and 
spotty squared ones (Fig. 2). The former corresponds to 
wrinkle ridges and grabens on the original “Apollo” 
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image (Fig. 1). The latter corresponds to pristine craters. 
Although original “Apollo” image shows a boundary of 
the bright and dark basalts on the bottom right corner in 
Fig. 1, no feature in Fig. 2 is found because of similar 
degree of smoothness. In contrast, all ratio images 
show the boundary (Figs. 3a-c). Fig. 4 is the result of k-
means clustering (k=5) classification. The blue class 
and the yellow class show the same pattern of variance 
(Fig. 2). The blue one is located at the highest variance 
(Fig. 2) and at the most rough center of the ridges (Fig. 
1). These two classes are scarcely concerned with ratio-
ing results. On the other hand the rest basalts includes 
three; navy, green, and red classes. The boundary of 
dark/light basalts (Fig. 1) , and of ratio images (Fig. 3a-
c), is recognized as that between green and red classes. 
The navy and green classes show higher degree of 
space weathering than red one. Difference between 

navy and green is controlled by distribution of variance. 
The former “navy” shows medium variance and the 
latter green does the lowest variance (Fig. 2). Bounda-
ries among navy, green, and red are the types of 2) and 
3) in this introduction. Although the suitable number of 
classes for k-means clustering should be surveyed or be 
solved depending input data, this is regarded as a 
promising approach. This preliminary research showed 
usability and effectiveness of image classification with 
both texture and spectral features for lunar geological 
mapping.  
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Fig.1: Apollo image 

 
Fig.2: Texture (Variance) 

 
Fig.3(a): Ratio 750/415nm 

 
Fig.3(b): Ratio 750/950nm 

 
Fig.3(c): Ratio 415/750nm 

 
Fig.4: k-means Clustering result (k = 5) 
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