
 

 

  
Abstract—In this paper, we validate crater detection in moon 

surface image using FLDA. This proposal assumes that it is applied to 
SLIM (Smart Lander for Investigating Moon) project aiming at the 
pin-point landing to the moon surface. The point where the lander 
should land is judged by the position relations of the craters obtained 
via camera, so the real-time image processing becomes important 
element. Besides, in the SLIM project, 400kg-class lander is assumed, 
therefore, high-performance computers for image processing cannot 
be equipped. 

We are studying various crater detection methods such as 
Haar-Like features, LBP, and PCA. And we think these methods are 
appropriate to the project, however, to identify the unlearned images 
obtained by actual is insufficient. 

In this paper, we examine the crater detection using FLDA, and 
compare with the conventional methods. 

 
Keywords—Crater Detection, Fisher Linear Discriminant 

Analysis , Haar-Like Feature, Image Processing. 

I. INTRODUCTION 
LIM (Smart Lander for Investigating Moon) project aiming 
at the pin-point landing to the moon surface is examined in 

JAXA(Japan Aerospace Exploration Agency) and SLIM 
Working Group[1]. Therefore, a technique about autonomous 
navigation subsystem based on the image processing becomes 
the important element. Real-time image processing needs high 
performance computational resources. However, SLIM project 
is planning to lighten the weight of a lander, it is difficult to 
equip and use high-performance computers. So, rapidly crater 
detection method is needed. 

Traditionally, we have been studying various methods to 
detect crater, such as Haar-Like features [2], LBP [3] and 
Adaboost algorithm [4]-[6]. In the conventional methods, the 
simulation performance has been satisfied. However, there is a 
concern that the characteristics of moon surface image taken by 
the actual lander during the performance may exceed the 
characteristics of images that are learned. If this situation 
happens, we cannot deny the possibility of crater detection 
performance is degraded. 

To avoid the problem, we have focused on PCA (Principal 
Component Analysis)[7]. According to its validation [8], the 
main components are discovered as a common trend between 
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the different satellites images. Also, the main components of 
crater are different from those of non-crater. We have 
concluded if the appropriate boundary between crater and 
non-crater is provided, the method using PCA can detect crater 
[8].  

Therefore, in further investigation of object detection using 
PCA method, interesting results have been written by P. 
N.Belhumeur[9]. This paper said the Fisherface method which 
is using FLDA (Fisher linear discriminant analysis) appears to 
be the best method to face detection at simultaneously handling 
variation in lighting and expression [9]. Based on this result, we 
infer that the FLDA method is more suitable than PCA method 
for crater detection because brightness change is likely to occur 
at moon surface. 

In this paper, we report the crater detection using FLDA, and 
the performance is compared with crater detection using 
Haar-Like features which is assumed best method in our 
conventional experiments. 

II.  FLDA (FISHER LINEAR DISCRIMINANT ANALYSIS) 
FLDA [9]-[10] is a sort of a class specific method, in the 

sense that it tries to shape the scatter in order to make it more 
reliable for classification. This method selects W in such a way 
that the ratio of the between-class scatter and the within-class 
scatter is maximized. The W makes best axis for classification 
because data in different classes are clearly divided. 

 xW Ty =  (1) 
 

 W : Translation matrix. 
 x : Input data. 
 y : Projection point. 

A. Comparing FLDA with PCA 
According to the result [8], we are thinking PCA can detect 

many craters. Although PCA finds components that are useful 
for representing data, there is no reason assume that these 
components must be useful for discrimination between data in 
different classes. PCA might discover directions that are 
efficient for representation; discriminant analysis seeks 
directions that are efficient for discrimination [11]. So, we 
assume that FLDA is better than PCA for crater detection 
system which judges weather now scanned image window is 
crater or not. 

In this paper, we experiment with FLDA method for crater 
detection in moon surface images. 

B. Introducing FLDA Adapting Crater Detection 
We use FLDA to make best directions for classification in 

two classes. 
 Class-number:1 Crater 
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IV. RESULT 
We experiment 10 moon surface images with our proposed 

method and Haar-Like features. Moon surface image size is 
2400 × 2400 and scanning window size is 24×24. 

There are four images Figs. 8-11 adapting Haar-Like features 
or proposed method. Each red rectangle region is recognized as 
crater. Table I shows each detection performance. Fig. 12 says 
each calculation time. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 8 Crater detection with Haar-Like feature in image A 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 9 Crater detection with proposed method in image A 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 10 Crater detection with Haar-Like feature in image A 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 11 Crater detection with proposed method in image B 

 
TABLE I 

CRATER DETECTION RATIO 
 Detection True crater Positive 

ratio[%] 
Proposed 
method 

193 163 85.8 

Haar-Like 
features 

653 553 84.7 
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