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Better Performance Combining Fiber Optics and Wideband Radio

BY CHERIF DIOUF, HAN DUN, GERARD JANSSEN, ERIK DIERIKX, JEROEN KOELEMEIJ AND CHRISTIAN TIBERIUS

PS is undoubtedly the most popular system
providing positioning, navigation and timing
(PNT) services to a host of applications,
industries and infrastructures. GPS is mass-
adopted, has worldwide coverage, has an impressive up-
time and can be used with a wide range of receiver devices,
featuring low to high cost and low to high precision.

Despite its strengths, the system also has some weaknesses.
For instance, the positioning performance provided by GPS in
dense multipath environments, such as in urban canyons, is
poor. This is due to the interaction between the desired line-of-
sight (LOS) component and close-in multipath components of
the GPS signal reflected or scattered by built-up surroundings.
Moreover, GPS signals, due to their low received power levels,
are fairly vulnerable to unintentional and intentional threats
such as radio-frequency interference, jamming and spoofing.

Alternative solutions that may complement or back up
GPS, and more generally any other GNSS, to achieve reliable
PNT for critical services and infrastructure, such as first
responders, telecommunication and power systems, are
urgently sought after. Wide coverage area synchronization
using White Rabbit optical fiber networks allows simultaneous
Ethernet networking and dissemination of 100 picosecond-
level accurate time and frequency signals over distances
of hundreds of kilometers. Accurate time synchronization
may be provided to large areas such as big cities through this
technology.

Building on such an accurate system, we present a concept
and demonstration of an innovative hybrid optical-wireless
terrestrial networked positioning system (TNPS). The TNPS
demonstrator uses a White Rabbit infrastructure to accurately
synchronize the transmissions of wideband radio positioning
signals by its ground-based transmitters (pseudolites) and
achieves decimeter-level positioning accuracy in an urban
road-like configuration.

SCALABLE FIBER NETWORK DISTRIBUTION
Initially developed for the Large Hadron Collider at the
European Organization for Nuclear Research (CERN), White
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FIGURE 1 Simplified topology of a White Rabbit (WR) network for optical time
and frequency distribution. The yellow lines represent fiber-optic connections
and the blue lines are electrical connections.

Rabbit (WR) is an accurate and scalable fiber-optic time and
frequency transfer method that allows for dissemination of
time references at sub-nanosecond level over distances of
hundreds of kilometers. A typical WR network layout is shown
in FIGURET. A central atomic clock provides synchronization
references to a principal WR master switch dubbed the
“grandmaster” The grandmaster feeds synchronization signals
into the network. which is expanded via fiber-connected WR
devices: the switches and nodes of the network. These devices
are serially linked to each other following a hierarchical
master-slave pair configuration.

Accurate synchronization between a master and a slave
WR-pair is performed as follows. The pair, which is connected
via a bidirectional 1.25 gigabits per second optical Ethernet
data link, quasi-continuously measures the round-trip delay
of the data signals exchanged between the two devices. From
these round-trip measurements, the one-way propagation
delay, assumed symmetrical, is derived and compensated by
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the WR devices through an electronic control loop. To take
into account possible asymmetries within alink, a calibration
procedure is needed when initially installing the connection
between a master and a slave. In practice, within smaller
scale networks, the synchronization offset accuracy between
devices is at the 100 picosecond-level. A 400-picosecond
offset between WR devices has even been demonstrated
over a distance of 169 kilometers, and more recently over a
distance of 800 kilometers.

Besides the fiber-optic connection with other elements
of the WR network, each switch or node can share its time-
frequency references to an external device or system. These
time-frequency references are available either in the form of
IEEE 1588 Precision Time Protocol time stamps (via Ethernet
connection), or in the form of electrical 1 pulse per second /
10 MHz synchronization signals (via coaxial cables).

THE CONCEPT

Centimeter- or even decimeter-level positioning accuracy
is challenging to achieve using GNSS. In dense multipath
environments, such as in urban canyons or indoor locations,
the accuracy provided by GNSS is poor compared to the

INNOVATION INSIGHTS

https://editions.mydigitalpublication.com/html5_viewer/iframe.html?da...

meter-level accuracy achievable in open terrain with the
Standard Positioning Service. Moreover, GNSS services are
vulnerable to interference, spoofing and jamming, and may
be denied in indoor areas. We propose a TNPS based on a
WR synchronization infrastructure as a complement to GNSS,
providing higher timing and positioning accuracy, which also
works in challenging environments.

TNPS can achieve decimeter-level accuracy in challenging
environments through the use of wideband radio positioning
signals. The attainable ranging precision is inversely
proportional to the signal bandwidth. Furthermore, in
dense multipath environments such as urban canyons, using
wider bandwidth signals allows for finer time resolution.
As a consequence, close-in received multipath components
(MPCs) can be better resolved, and the LOS component can
be more easily discriminated from delayed MPCs. This results
in more accurate position solutions.

TNPS DEMONSTRATOR

We performed a demonstration of the concept in Delft, The
Netherlands, at The Green Village (TGV), an experimental
facility on the campus of the Delft University of Technology. The

Another application of WRiis in
terrestrial positioning. As we know,

s RICHARD B. LANGLEY

“OH DEAR! OH DEAR! | SHALL
BE LATE!" That's what the White
Rabbit said in the opening chapter of
Lewis Carroll's Alice’s Adventures in
Wonderlandjust before checking the
time on its pocket watch. Scientists

at the European Organization for
Nuclear Research (known by its French
acronym CERN) named their project to
develop an Ethernet-based network
for general purpose data transfer

and sub-nanosecond accuracy time
transfer after the time-conscious
rabbit. CERN's White Rabbit (WR) can
provide sub-nanosecond accuracy to
synchronize more than 1,000 nodes
via optical fiber or copper connections
of up to 100s of kilometers in length. It
is a flexible system with a scalable and
modular infrastructure with a simple
configuration and low maintenance
requirements. It is also open source.

WR uses the IEEE 1588 Precision
Time Protocol (PTP) to establish
precise phase differences between
amaster reference clock and a local
clock. A two-way exchange of PTP
synchronization messages allows
precise adjustment of clock phase and
offset.

So, what has this got to do with GPS
or more generally GNSS? Well, for one
thing, a WR-based system can serve
as a back-up for GNSS time transfer
or even replace GNSS. For example, a
multi-hop WR link has been installed
to connect financial trading locations
in Chicago and New Jersey over an
approximately 1,350-kilometer
distance. Stock markets and other
financial institutions need to time-
tag transactions with traceable
synchronization to a high-accuracy
time standard to the microsecond
level or better and a WR link can easily
provide that.
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one of the problems with GNSS
positioning is its poorer performance
in built-up areas compared to open
ones due to blocked signals and
multipath. Multipath signals from
close-by reflectors can be particularly
pernicious as they reduce pseudorange
measurement accuracy and thereby
increase position error. And another
potential weakness of GNSS is its
susceptibility to radio-frequency
interference, jamming and spoofing. A
positioning system using synchronized
roadside radio transmitters could be
aviable alternative to GNSS in urban
areas. A team of researchers based in
The Netherlands has developed just
such a system. In this month’s column,
they describe their system, which uses
WR to synchronize the transmissions
of wideband radio ranging signals,

and how they are able to achieve
decimeter-level position accuracy in
multipath environments.
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