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A _code-division multiplexed data relay system and its application to underwater
wireless data transmission using visible light
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In this study, wireless data-relay transmission systems for visible light

communications were investigated to realize high-speed and long-distance undersea communications. It
has been shown that the optical code-division multiple-access (CDMA) schemes using generalized
modified prime sequence codes (GMPSCs) have the property of canceling background light, such as sun
light, as well as interference light from other transmitters. We proposed several optical CDVA
schemes for our purpose and evaluated them theoretically and by computer simulation. In addition,
this study proposed a new class of signature codes for optical CDMA, referred to as chip-pair codes,
which have the property of removing iInterference light with an intensity varying by shorter periods
without requiring additional equipment.
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(2) Complex Orthogonal Variable Spreading Factor Codes Based on Polyphase Sequences
2

The direct-sequence code division multiple access (DS-CDMA) technique is widely used in various
communication systems. When adopting orthogonal variable spreading factor (OV SF) codes, DS-CDMA
is particularly suitable for supporting multi-user/multi-rate data transmission services. A useful property of
OV SF codes is that no two code sequences assigned to different users will ever interfere with each other,
even if their spreading factors are different. Conventional OV SF codes are constructed based on binary
orthogonal codes, called Walsh codes, and OV SF code sequences are binary sequences. In this paper, we
propose new OV SF codesthat are constructed based on polyphase orthogonal codes and consist of complex
sequences in which each symbol is represented as a complex number. Construction of the proposed codes
is based on a tree structure that is similar to conventional OV SF codes. Since the proposed codes are
generalized versions of conventional OV SF codes, any conventional OV SF code can be presented as a
special case of the proposed codes. Herein, we show the method used to construct the proposed OV SF
codes, after which the orthogonality of the codes, including conventional OV SF codes, is investigated.
Among the advantages of our proposed OV SF codes is that the spreading factor can be designed more
flexibly in each layer than is possible with conventional OV SF codes. Furthermore, combination of the
proposed code and a non-binary phase modulation is well suited to DS-CDMA systems where the level
fluctuation of signal envelope is required to be suppressed.
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(4) Opticd CDMA Scheme Using Generalized Modified Prime Sequence Codes and Extended Bi-
Orthogonal Codes 4
Optical code-division multiple-access (CDMA) techniques provide multi-user data transmission
services in optical wireless and fiber communication systems. Several signature codes, such as modified
prime sequence codes (MPSCs), generalized MPSCs (GMPSCs) and modified pseudo-orthogonal M-
sequence sets, have been proposed for synchronous optical CDM A systems. In this paper, a new scheme is
proposed for synchronous optical CDM A to increase the number of users and, consequently, to increase the



total data rate without increasing the chip rate. The proposed scheme employs a GMPSC and an extended
bi-orthogonal code which is a unipolar code generated from a bipolar Walsh code. Comprehensive
comparisons between the proposed scheme and several conventional schemes are shown. Moreover, bit
error rate performance and energy efficiency of the proposed scheme are evaluated comparing with those
of the conventional optical CDMA schemes under atmospheric propagation environment.

(5) Signature Codesto Remove Interference Light in Synchronous Optical Code-Division Multiple Access

Systems 5

This paper proposes a new class of signature codes for synchronous optical code-division multiple
access (CDMA) and describes a general method for construction of the codes. The proposed codes can be
obtained from generalized modified prime sequence codes (GMPSCs) based on extension fields GF(g),
where ¢ = p™, p isaprimenumber, and misapositiveinteger. It hasbeen reported that optical COMA
systems using GMPSCs remove not only multi-user interference but also optical interference (e.g.,
background light) with a constant intensity during aslot of length g2. Recently, the authors have reported
that optical CDMA systems using GMPSCs also remove optical interference with intensity varying by
blocks with alength of q. The proposed codes, referred to as p-chip codesin general and chip-pair codes
in particular for the case of p = 2, have the property of removing interference light with an intensity
varying by shorter blocks with a length of p without requiring additional equipment. The present paper
also investigates the algebraic properties and applications of the proposed codes.

(6) Orthogonal Variable Spreading Factor Codesover Finite Fields
6
The present paper proposes orthogonal variable spreading factor codes over finite fields for multi-rate
communications. The proposed codes have layered structures that combine sequences generated by discrete
Fourier transforms over finite fields and have various code lengths. The design method for the proposed
codes and examples of the codes are shown.

(7) Visible-Light CDMA Communications Using Inverted Spread Sequences
7

Visible-light communication (VLC) using light-emitting diodes (LEDSs) is gaining attention in the
wireless communication field. LEDs can be used as data transmitters without losing their main functionality
as lighting devices. In some VLC applications, such as traffic signs and road signals in intelligent
transportation systems, high brightnessis required to help peopl e recognize the signs and signals conveyed
by the light sources. In this paper, the use of inverted modified prime sequence codes (MPSCs) is shown to
be efficient for increasing brightnessin an optical code-division multiple access (CDMA) system for VLC,
while the original MPSCs, namely non-inverted codes, provide much lower brightness. The average light
intensity of a system using an inverted MPSC is several times the intensity of a system using an original
MPSC, without losing the capabilities of channel multiplexing and multi-user interference canceling.
Average light intensity and normalized fluctuation are investigated for the optical CDMA systems with the
original and inverted MPSCs. The results show that the systems with the inverted MPSCs provide higher
average light intensity and lower normalized fluctuation than the systems with the original MPSCs do.
Moreover, the bit error rates of the systems with theinverted MPSCs are eval uated by computer simulation
and compared with those of the systems with the original MPSCs.

(8) Orthogonal Variable Spreading Factor Codes Suppressing Signal-Envelope Fluctuation
8

Recently, complex orthogonal variable spreading factor (OV SF) codes based on polyphase orthogonal
codes have been proposed to support multi-user/multi-rate data transmission servicesin synchronous direct-
sequence code-division multiple access (DS-CDMA) systems. This study investigates the low signal-
envelope fluctuation property of the complex OV SF codes in terms of transmission signal trajectories. In
addition, a new method is proposed to suppress the envelope fluctuation more strongly at the expense of
reducing the number of spreading sequences of the codes.
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