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Our research and education cover the multidisciplinary fields of ultrafast photonics, signal processing and various
measurements. We are exploring optical system solutions based on novel concepts for a wide range of signal processing
applications including next-generation photonic networks, remote sensing, astronomy and so on. Here, multi-dimensional
property of light in time and space domains suggests the latent potential of ultra-fast and massive parallel optical signal
processing.

In photonic networks, transmission capacity demand will reach /. OFDM
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Principle of Fr-Fourier Transform

The FrFT is a generalization of the FT, that deals with the intermediate domain between time and frequency axes.
The p is fractional parameter which means rotation FT: p=1

degree on time-frequency map. For example, the (frequency axis) f Fr FT axis

general FT corresponds to the case for p=1. As

shown in the right figure, the FT can be seen as the Z
projection of a given temporal signal on the

frequency axis. The FrFT can be interpreted as the \binae ais)
projection of the temporal signal on an intermediate Fr-FT: 0<|p | <2
axis that forms an angle pn/2 with 0<|p/<2. Fractional Fourier Transform
OFDM Sllll Carriers Proposed Fr-OFDM sub-carriers34
/\/V\, In a conventional OFDM, subcarriers are expressed by Fourier
n transform, as shown in the upper figure. On the other hand, subcarriers
of fractional OFDM have orthogonal relations on rotated axis. These
subcarriers are expressed by fractional Fourier transform as shown in
Fr-OFDM s“h Garriers the bottom figure. If p=1, subcarriers are equal to conventional OFDM
W subcarriers. As you can see, Fr-OFDM subcarrier contains a frequency
M/ % dependent chirp factor which is derived from their Quadratic Phase
N S e —" Modulation (QPM) factors and can inherently reduce PAPR in
OFDM and Fr-OFDM Sub Carriers transmission.

Experimental demonstration for Fr-OFDM transmitter and receiverl®>7

10-GHz OOK modulated signal

We have experimentally demonstrated a hybrid 2o, :
OFDM/N-OTDM using an time/frequency grid based on ;w-enzc.ocmm ; :
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receiver with p=0.5. The right hand shows a series of off1 Evaluation AA_

eye diagrams of received signals for 4 sub-carriers. We i . leGHdei 10 ps/div
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observed clear eye opening of all the received signals. 10-GHz OOK transmission based on Fr-OFDM
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