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The primary objective of this thesis is to study design and performance evaluation of radio on free space optical
(RoFSO) communication system for radio signal transmission. This thesis is organized as the following five chapters:

Chapter 1 addresses the background of the research on free space optical communication system for radio signal
transmission. The object of the research, RoFSO communication system, is introduced, and its basic configuration,
characteristics, merits, and differences with the conventional free space optical (FSO) communication systems are discussed.
From the discussion, the necessity of a research on design and performance evaluation of RoFSO system is explained. Also,
the objective and significance of the thesis are described.

Chapter 2 proposes models of optical scintillation and optical transmission loss for design and performance evaluation
of RoFSO system. Firstly, a spectral model of optical scintillation applicable to RoFSO system is proposed, which enables us
to estimate the spectral parameters of cutoff frequency and spectral slope in the power spectral density (PSD) of optical
scintillation from a given conditions of time-zones, temperature, and rainfall intensity. Dependencies of the spectral
parameters on the weather parameters, and the difference between daytime and night are investigated. Secondly, dependency of
scintillation index on the weather parameters is investigated for FSO system, and the results are extended to estimate the
scintillation index for RoFSO system. Thirdly, a new optical transmission loss model applicable to RoFSO system is
proposed on the basis of measured data in a long-term experiment of RoFSO transmission. Estimation of RoFSO link margin
is conducted by the use of the model.

Chapter 3 evaluales the effect of optical scintillation on the system performance, especially on the throughput of WLAN
signal transmitted over RoFSO system, becausc it is expected that WLAN system is susceptible to the effect of optical
scintillation due to its high bit rates and modulation level. In this analysis, both optical intensity fluctuation speed and
strength are considered. The normalized Gamma distribution is introduced as a statistical model of optical scintillation in the
analysis. Time-correlated optical scintillation model is proposed, which can express the time correlation characteristic and the
probability density function of optical scintillation. The evaluation is performed for the worst case that the scintillation
index is largest. Changes of throughput performance caused by optical scintillation are quantitatively evaluated. Moreover,
the evaluations under the radio communication environments like office and corridor are also conducted, and the effects of
optical scintillation in RoFSO channel and shadowing in radio channel are comparcd and discussed.

Chapter 4 proposcs WDM optical power allocation method as a design method for RoFSO system. The proposed method
can effectively guarantee the regulation for each of heterogeneous radio signals at a remote station of RoFSO downlink under
the condition that total optical transmitted power is limited by Eye-safety regulation. To effectively guarantee different
requirement on each wireless service signal. a ratio of WDM optical power allocation is theoretically derived for the fixed
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optical modulation indexcs (OMI) and the optimum OMIs. The results show that the proposed method can improve the
tolerable optical transmission loss and the achievable RoFSO link distance, compared with the equal WDM power allocation
method, for the cases of the fixed OMIs and the optimum OMIs.

Chapter 5 summarizes obtained in the original works mentioned previous chapters and gives the important role of
originally proposed methods in the RoFSO system study, and the thesis is concluded.
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