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Space debris is considered as obstacles for space exploration, and we have to expand and improve 
observation method for space debris to reduce the risk of its collision with active spacecraft. In previous 
researches, the Single Range Doppler Interferometry (SRDI) method was proposed and used. This method 
requires only a fluctuating Doppler spectrogram caused by the spin motion of debris to estimate its shape. 
A spectrogram is a visual representation of the spectrum of frequencies in signal as they vary with time. In 
this thesis, we proposed an improved method of shape estimation of space debris with ground-based 
observatories. 

 We introduced Smoothed Pseudo Wigner Distribution (SPWD) for the SRDI method to obtain higher 
resolution of spectrogram. We confirmed the accuracy of SRDI method using numerical simulation and we 
also adapted the method with actual data of space debris observed by MU radar. FDTD (Finite-Difference 
Time-Domain) method is used as a numerical simulation method for radar system observation. We could 
obtain the correct 2D images characterizing the original shape of space debris when we suppose debris as a 
set of few discrete points by using SRDI shape estimation. The results of the numerical simulation also 
shows that, to estimate the shape of rigid body, the accuracy of the estimation needs to be improved. It is 
because spectrogram cannot distinguish spin motion echo from the echo of targets center. SRDI method 
was also evaluated by adapting actual observation of space debris which is known its shape. Through the 
analysis of actual data, we discovered that orbit motion spectral occurs in spectrogram and has negative 
effect for extracting spin motion spectral. To solve this problem, we proposed an analytic formula of orbit 
motion spectral and developed elimination method of this spectral. By using this improved SRDI method, 
we could obtain an image which characterize actual space debris. 
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Wood-rotting fungi are the only organisms that can decompose wood because the lignin in wood cell 
walls is hard to degrade. Biodegradation of lignin is an essential role and characteristic feature of 
wood-rotting fungi in the ecosystem.  Lignin degradation by fungi is explained as mostly to the fungal 
enzymatic activity of ligninolytic enzymes.  However, not only ligninolytic enzymes but also metabolites 
secreted by fungi have known to important in the lignin degradation system.[1,2]  Here, we have focused 
on a wood-rotting fungus, Ceriporiopsis subvermispora, which has the ability to decompose lignin in 
preference to cellulose. Thus, the fungus, C. subvermispora, recognized as a selective lignin-degrading 
fungus. Previous studies reveal that the importance of secondary metabolites of C. subvermispora. [1,2]   

Stable-isotope (non-radioactive) labeling has been used to study metabolites of C. subvermispora and 
has been determined the structure and diversity of them.[2]  High-resolution mass spectrometry enables 
the establishment of incorporation of heavy atoms from precursor substrates into different metabolic 
products.  Here, we try to understand metabolic dynamics of extracellular metabolites, ceriporic acids, by 
stable-isotope labeling experiments.  We analyzed intra- and extracellular metabolites and observed 
several metabolites that can separate as isotopically labeled compounds based on the mass difference. 
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