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ABSTRACT
We specify and evaluate a new software-defined clock network
architecture, Stitch. We use Stitch to derive all subsystem clocks
from a single local oscillator (LO) on an embedded platform, and
enable efficient radio frequency synchronization (RFS) between
two nodes’ LOs. RFS uses the complex baseband samples from a
low-power low-cost narrowband transceiver to drive the frequency
difference between the two devices to less than 3 parts per billion
(ppb). Recognizing that the use of a wideband channel to measure
clock frequency offset for synchronization purposes is inefficient,
we propose to use a separate narrowband radio to provide these
measurements. However, existing platforms do not provide the
ability to unify the local oscillator across multiple subsystems. We
demonstrate Stitch with a reference hardware implementation on a
research platform. We show that, with Stitch and RFS, we are able
to achieve dramatic efficiency gains in ultra-wideband (UWB) time
synchronization and ranging. We demonstrate the same UWB ranging accuracy in state-of-the-art systems but with 59% less utilization
of the UWB channel.
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INTRODUCTION

Clock synchronization is a fundamental requirement for efficient
operation of a wide variety of wireless networks. Multiple access
methods can be made more efficient when a large-scale network
of devices is synchronized. Distributed MIMO systems must either
have zero carrier frequency offset (CFO) or incur additional channel
overhead and complex digital processing to compensate for nonzero CFO [16]. A wide range of time-based localization systems
requires time-synchronized infrastructure devices to be deployed
across space. Although cables can be used to distribute a shared
clock to infrastructure devices, cabling is impractical for mobile
devices and often expensive. In addition, GPS-based synchronization has limited availability when operating indoors or when it is
jammed. Wireless clock synchronization is often expensive since
most existing methods require large bandwidths that monopolize
the radio channel.
More efficient frequency synchronization is particularly compelling for ultra-wideband impulse response (UWB-IR)-based ranging. Although UWB-IR enables highly-accurate localization [27],
its transmission occupies gigahertz of spectrum, and due to the low
number of channels allocated [1], the UWB-IR channel is quite limited in terms of measurement rate. For example, a conventional ad
hoc localization scheme using a leading UWB-IR transceiver with
eight tags could have an update rate at most 3.5 times per second
[9, p. 21]. This update rate is insufficient for the real-time localization of mobile devices in an ad hoc network. E.g., for quadcopters
moving at 5 m/s in a GPS-denied environment, a 3.5 Hz update rate
locates devices only every 1.4 m of translation, which may be too
infrequent for keeping rotorcrafts in a formation. In this paper, we
demonstrate a system that achieves the same ranging accuracy as

