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Abstract—Our recently developed indoor RF Ranging technology allows new levels of accurate indoor localization based on
carrier-phase measurements. Measuring the phase difference
over multiple frequencies, and combining it with a novel multipath angle-of-arrival differentiation technique, we achieving accuracies of a few centimeters in direct line of sight, and a few tens
of centimeters in non-direct line of sight. Similar to GPS satellites, our system requires self-localizing multi-antenna base stations as a infrastructure and anchor points.
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I.
INTRODUCTION
The ability to tag objects and record their location in realtime is critical for devices that make up the Internet-of-Things,
where wireless nodes in the cyber space have to be assigned to
physical locations. The incremental overhead of just finding a
node with a specific node ID can be daunting, and quickly
remove any potential monetary benefits such a system could
provide. Consequently, Real-Time Location Systems (RTLS)
using radio frequencies in the public 2.4 GHz ISM band have
We
currently sellpopularity
a system (see Figurein
1) providing
this functionalityplace,
using common
off-the-shelf
(COTS) just tacked
gained
the marketbut
are often
components. Our system exhibits a resolution of 1 mm and an accuracy of a few cm at ranges from 0-45
meters
RF conditions.
on inasgoodan
after-thought with less then ideal technologies as the
Our current system is a single-antenna device, susceptible to multi-path effects. While the system can desystem
that
location
tect
that multi-pathoperators
is present by lookingrealize
at the FFT of the
differentwithout
phases on the different
frequencies, itinformation,
is difficult to undo and compensate for the introduced errors as the FFT resolution would determine the
maintenance becomes too expensive.
possible ranging accuracy. This susceptibility to multi-path effects doesn’t just plague our ranging technology, it is the major cause of errors for any existing RF ranging systems today. The problem is that multi-path is everywhere we see Internet-of-Things devices being deployed: commercial buildings, private
homes, warehouses, parking garages, etc.
Active radar systems based on phase-array antennas have been employed since decades by the military to
detect and localize vehicles and airplanes. Phase-array antennas measure the phase of an incoming signal
on every antenna, and allow to create a virtual steerable antenna (VSA) by combining the different received signals. Through the VSA, multi-path components coming from different directions will get significantly attenuated, and thus become negligible for the actual ranging process. Furthermore, since you can
“look” into all directions at the same time, the multi-path components can actually be mapped out, determining not just the angle of the incoming component, but also the length of it.

The focus of our company is on phase-based techniques, as
it is the only solution that provides the potential for subcentimeter accurate tracking and integration of an Angle-ofArrival system using multiple antennas, while providing
significant benefits over chirp-spread-spectrum technologies.
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For example,
frequency-hop
over the
phase-based
ranging system a
withphase-based
the information we can system
gather from an can
active antenna-array
radar system to allow ranging even in severe multi-path environments [3]. We developed and patented [4, 5, 6]
same
spectrum
band
as athatchirp,
but
domitigate
so multi-path
in discontinuous
several
algorithms
based on phase
measurements
can not just
detect,can
but also
problems, and we recently finished our first hardware prototypes that allow us to gather all the informasteps
in2). However,
frequency
and/or
a phase-based
tion
(see Figure
how to best use
the data fromtime.
the differentThis
sub-systemsallows
(phase, multi-antenna, and frequency hoping) and how to interpret all the information to gather accurate position information
is still an open question and needs significant research.

!!
!

Greina Technologies, Inc.
daniel@rfranging.com

system to avoid interfering devices, or redo certain
measurements at a later time when the interfering device is not
present anymore.
II.
APPROACH
Our system measures distance from the change in phase of
a radio signal rather than a direct time measurement. Distances
greater than one wavelength are measured by combining
frequencies and measuring their “Delta Phase”. When two
different frequencies f1 and f2 are broadcasted alternately or
together, they share a fixed relationship that, when the phase on
transmission and phase on reception are known, can be used to
determine the distance within the wavelength of the resulting
beat frequency Δf = f2 – f1, which is significantly lower than
any one of the two frequencies.
In order to achieve higher resolution ranging, a high beat
frequency has to be chosen. This, however, limits the
maximum range of the ranging system itself, as after one
wavelength of the beat frequency, the phase repeats.
Additionally, the clocks at the transmitter and receiver must be
synchronized in order to perform the phase measurement. We
solve the latter problem by introducing a high-precision RF
reflector node (the tag) that synchronizes its clock to the carrier
frequency utilizing a custom developed high-precision tunable
oscillator. This reflector node reproduces the carrier frequency
with high accuracy. An initiating node thus sends out a carrier
tone, which the RF reflector sends back as if the carrier
bounced from it. The initiating node now calculates the path
length the carrier wave took from the transmission, until
reception of the reflected wave, and thus measures the distance
between itself and the reflector.
III.
DEPLOYMENT REQUIREMENTS
We will deploy up to 10 self-localizing RF Ranging
Basestations (see Figure 1). The basestations search and
localize tags within their radio range, and provide a map with
the tag’s location. The tag will be put on a tablet or phone that
can visualize the generated map and user’s location.
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Figure 2: RF Ranging Base with Phased-Array Antenna design. The RFRCape sits on top of an embedded Linux system for easy interfacing with other systems, and gives us additional computing power and
logging capabilities, if necessary.

Figure 1: RF Ranging Basestation with Carrier-Phase
and Angle-of-Arrival capabilities.
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