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Introduction:  Crater chronology is a method for
estimating geological age of planetary surfaces by
crater counting. Although this method is widely used
[e.g. 1], crater counting work takes very long time
even by an experienced researcher. A cumulative size-
frequency distribution of craters can be converted to a
geological age in the crater chronology, however, only
diameters and cumulative number densities of craters
are used in this methodology[2]. Other features such as
crater geometry, depth and position are dismissed.

When an image or digital terrain model (DTM) of a
cratered terrain are given, diameters and numbers of
craters correspond to spatial frequencies and intensities
in the Fourier transform domain. If there is a sys-
tematic relationship between them, crater chronology
might established in Fourier transform analysis instead
of crater counting. This research is a trial of Fourier
transform analysis to establish crater chronology with-
out crater counting.

Although Fast Fourier Transform (FFT) spcifica-
tion is affected by remote sensing image’s specifica-
tion, such as, contrast, albedo and sun altitude usually,
FFT of Digital Terrain Model (DTM) has no effects of
these elements. Recently, much DTMs of planetary
bodies are processed from many space missions. For
example, presice DTMs of the whole moon are pro-
duced though the Japanese lunar mission Kaguya [3].
Although statiscal analysis of Kaguya’s lunar DTMs
have been reported [4], FFT analysis has not been done.
We investigate FFT specification of model DTMs of
crater terrain.

Method:  After a DTM image with craters is trans-
formed by FFT, the real and imaginary part of the Fou-
rier coefficients are treated separately.

Model DTMs of simple craters are prepared as
simulated data, where parameters are crater diameters,
position, numbers and their distributions.

Fig 1a shows a DTM image of 1500 by 1500 pixels.
It has craters with a power-low size distribution.
Theare are two largest craters with 320 pixels in di-
ameter, and the numbers of craters are doubled when
the diameters are halfed until a diameter of 20 pixels.
Thus, the power-low index is –2. A FFT image of Fig
1a is shown in Fig 1b, where intensities of spots denote
absolute value of FFT coefficients in spatial frequency
domain.

The average values of the real parts of the FFT co-
efficients with the same absolute wave numbers of the
spatial frequencies are calculated to analyze the de-
pendency to crater diameters. Since the real parts of
FFT coefficients denote the strength of oscilating pat-
terns of the spatial frequencies in the DTM image, the
crater frequency patterns can be analysed by the FFT
real part patterns.

Results: The systematic parameter scan has been
completed for the fundamental knowledeges for cra-
ters’ specifications. Crater parameters are as follows;

 Diameters of crater
 Position of crater
 Numbers of crater
 Their combination
 
Fig 2 shows the average values of the real parts of

the FFT coefficients with the crater position of center.
The results of large crater with 160 pixels diameter, is
drawn by blue line. The middle crater with 80 pixels
diameter is drawn by green line. The small crater with
40 pixels diameter,  is drawn by red line.

Fig 1a:Model DTM Fig 1b:FFT image of Fig.1a
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Fig 2:Results of single crater cases
 with different sizes
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These results have a first peaks pattern in the spatial
frequency.  The first peak of the average value of 160
pixel  diameter is low, but the first peak of the 40 pixel
diameter is high. Results of  single crater models with
different position are same.
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Fig 3: Results of multiple crater cases
with a single sizes.

         Fig 3 shows the average values of  the real part of
the FFT coefficients based on distribution of many 20
pixel diameter craters plotted randomly. The red line,
green line and blue line corresponds average values
with 1 crater, 4 craters, 32 craters, respectively. All
lines shows a similar pattern over all frequency range,
but they increase with the number of craters.
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Fig 4: Results  of multiple crater cases
with power-low size distributions.

       Fig 4 shows results of multiple crater cases with
power-low size distributions. The green line corre-
sponds to the result of a case for Fig 1a. The blue and
red lines represent the results of a doubled-crater den-
sity case and a halfed-crater density case, respectively.
As same as the result shown in Fig 3, all cases show
similar pattern over all frequency range. The values
increase with the crater density.

Discussion: The more increase crater density, the
more increase the average value of the FFT coeffi-
cients. The case include craters of varied sizes doesn’t
change. It means that only crater density decides the
average values.

Conclusion:  We validated the effect of crater po-
sition, diameter and number using the transformed im-
ages and their average values. As a result, it showed if
the crater density changes, the average values also
changes proportionaly. So fourier transform of DTM
may be able to be used for geological age estimation
instead of crater counting.
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