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Abstract

Information and telecommunication technology are employed more as tools in
certain industries such as transportation systems, and have been playing an
evolutionary role in realizing transport intelligence. With the implementation of
Chinese 12th five-year-plan, fiber-to-the-curb (FTTC) will soon become a reality,
which might bring new development chances for road vehicle communication (RVC),
or even intelligent transportation systems (ITS). The fiber access to road side unit
(RSU) would bring huge bandwidth resource to RVC, therefore, making the best of
these advantages, developing car borne multi services, so as to realize “tri-network
integration” in moving vehicles, will certainly be a new trend for RVC development
in future FTTC era.

Radio-over-fiber (RoF) technique, which integrates the advantages of fiber optic
communication and wireless communication, is transparent for protocols of any kind,
and can provide high speed, broadband, and flexible access for vehicles. It has been
considered as the most promising technique to realize future RVC multi services
access. However, research on multi services for RVC based on RoF technique are
somehow limitative till now, researchers major in communication have focused on
either fiber access or wireless protocols, but on some level neglect the requirements
of their application in transportation; while researchers major in transportation have
focused on certain transport behavior changes brought by multi services of RVC, but
neglect the feasibility of RoF technique itself.

To solve the problem above, in this thesis, the transportation environment in the
context of FTTC and its special demand for multi services data communication has
been analyzed in detail, then based on the basic theory of fiber optic communication
and wireless communication, key technologies and system design in physics layer for
novel RVC multi service data communication based on RoF technique in road traffic
and urban rail transit application has been studied extensively. The main research
work and creative points (blacked) of this thesis are as follows:

(1) By an adequate discussion of the mechanism of RoF applied RVC multi
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services data communication system, the service types of RVC have been divided into
5 categories, and the RoF based RVC system has been divided into FTTC part and
wireless access part. Then the basic structure of a prototype system with only 1
service for both downlink and uplink has been designed. In FTTC part of the system,
WDM-RoF scheme, in which each RSU has its own wavelength data channel, with
full duplex bidirectional communication link has been adopted, based on this scheme,
cost-effective designs including employing re-modulation technique to load uplink
data in RSU and employing super-continuum light source in CS has been proposed
and their effectiveness has been proved by simulation; and in wireless access part, in
order to make terminal users in vehicle get higher data transmission rate in limited
bandwidth, a dedicated optimized protocol for physics layer has been pr oposed in
5.9GHz band based on the basic definition for DSRC channel in IEEE 802.11p and
OFDM multi carrier modulation standard in TD-L TE, and system structure for that
part based on such protocol has been designed as well.

(2) By deeply analyzing the content of multi service data and its demand for
transmission resource in road traffic environment, for the FTTC part of transitional
system which supports triple services, two schemes based on orthogonal modulation
— re-modulation and carrier multiplexion — re- modulation have been proposed, the
setting of their key parameters has been studied in theory, and by simulation and
comparison of the performances, the latter one has been pointed out to have potential
to be upgraded for more services access. Based on that, for the FTTC part which
supports all quintuple services, a novel scheme based on downlink double sideban d
(DSB) carrier multip lexion with carrier DPSK combined with first order upper
sideband (USB) MSK/OOK orthogonal modula tion — uplink single sideband (SSB)
carrier multiplexion r e-modulation with carrier OOK combined with first order
lower sideband (LSB) OOK modulation r ealized by a single light so urce in each
wavelength channel has been proposed, and its communication performance for data
services has been proved to be reliable by theory, simulation and experiment study.
Fot the wireless access part which also support quintuple services, according to the
optimized protocol, 2 RF sources have been set to transmit passenger multimedia

service and transport information service separately, and a RF QAM-OFDM/DPSK
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orthogonal modulation method has been proposed to let broadcast service modulate
the phase of the OFDM signal envelope in service channel so as to save bandwid th
resources, and the effectiveness of the design above has been proved by simulation.

(3) The special requirements of multi service data transmission in urban rail
transit operating environment have been analyzed, and the work principles of data
communication system (DCS) as a safety-critical system for train operation control in
both communication-based train control (CBTC) mode and fallback mode have been
intensively studied. For the FTTC part, a novel multi service sc  heme which
integrates safety-critical DCS data service, non-safety-critical operation supervision
service and passenger multimedia servic e in to the same fiber data ring network,
and pr ovides indepen dent dat a transmis sion channel as well as hot-st andby
fallback work mode has been pr oposed, by simulation the effectivenesses of the
scheme in both work mode have been proved. For wireless access part in CBTC
mode, a design correspond to the FTTC part has been proposed in which the
baseband OFDM signal processing modules have been centralized into central control
room, and its higher efficiency in supporting huge terminals to access into the RVC
system has been proved via simulation.

The RVC system structures in physics layer based on RoF technique for road
traffic and urban rail transit environment that have been proposed in this thesis, can
provide independent data transmission channel for each kind of service, moreover,
those structures all have stable and reliable data transmission performances. The
results acquired in this thesis would provide meaningful theory references for the
construction of RVC system in future FTTC era, and would play an active role in
improving multi services access functions for urban road traffic and rail transit, and

accelerating the developing process of intelligent transportation.

Key Words: Intelligent Transportation System (ITS), Radio-over-fiber (RoF), Road
Vehicle Communication (RVC), Multi services, Physical layer, Road Traffic, Urban
Rail Transit, Orthogonal modulation, Carrier Multiplexing, Re-modulation, Protocol

optimization, Operation control system, Data Communication System (DCS)
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