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ABSTRACT With the advent of low-cost, embedded sensor-actuator devices, the applications of cyberphysical systems have spread multi-fold in domains like infrastructure, manufacturing, automation, etc.
Wireless sensor-actuator networks (WSANs) act as the backbone for applications in these domains. Typical
WSAN deployments focus on energy-efficiency (in-turn lifetime) as replacing batteries is labor intensive and
expensive. However, many CPS applications require highly-reliable data delivery with strict time bounds.
Unfortunately, the classical approach of scheduling/prioritizing flows for bounded time communication is
hard to implement with energy constrained embedded devices.
In this work, we present FLEET, a communication primitive that guarantees timely data delivery with (i) low
latency by scheduling a maximum number of end-to-end flows within a short time span; (ii) highly
energy-efficient networking; and (iii) reliable data delivery. Using a smart parallelization technique, FLEET
achieves simultaneous transmissions while guaranteeing data delivery. This reduces the average duty-cycle
of the nodes and makes it more energy-efficient than many state-of-the-art protocols. By combining multiple
routing strategies, FLEET not only simplifies the schedulability problem but also accommodates more flows
within a time span reducing delay considerably. Overall, with respect to the state of the art, FLEET offers a
delay and duty cycling reduction by 2.2 and 2.8 times, respectively.
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I. INTRODUCTION

RADITIONALLY, Wireless Sensor Networks (WSNs)
have been deployed for collecting data over extended
periods of time [1]. In recent years, due to their ease of
deployment and management, Wireless Sensor-Actuator Networks (WSANs) have become an integral part of many smart* applications in the domain of Internet of Things (IoT) or
cyber-physical systems (CPS) at large. However, many CPS
applications have stringent requirements, unlike traditional
WSAN. More precisely, in CPS, it is important to have: (i) as
low latency as possible; (ii) as high reliability as possible and
above all (iii) as low energy consumption as possible since
the devices are battery operated.
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Figure 1 illustrates a generic CPS scenario consisting of
a number of sensor and actuator nodes and a controller.
The system works in a sense-decide-actuate cycle, where
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sensors detect and report the events, the controller takes the
decision and sends the actuation commands based on the
event, and the actuators act according to the commands.
Even though this cycle is the primary aspect of any CPS,
the underlying communication protocol makes it possible.
The stringent requirements of CPS make it difficult to simply
adopt the existing protocols in the WSN domain. Let us take
the process industry as an example, where there are more
than 40 M sensor and actuator devices installed worldwide,
operating feedback control loops in the time scale of tens
of milliseconds [2], [3]. Since these devices are typically
battery operated, there is an equally strong requirement on
energy efficiency to keep the operational and maintenance
costs down. As classic WSN protocols trade off performance
for energy efficiency, there is a need for a new set of boundedtime communication protocols that strike a (different) bal-
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