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ABSTRACT
Duty-cycling has emerged as the predominant method for
optimizing power consumption of low-power radios, particularly for sensors that transmit sporadically in small bursts.
But duty-cycling is a poor fit for applications involving highrate sensor data from wearable sensors such as IMUs, microphones, and imagers that need to stream data to the cloud
to execute sophisticated machine learning models.
We argue that there is significant room to optimize lowpower radios if we can take advantage of channel dynamics
in short-range settings. However, we face challenges in designing radios that are both efficient at power levels between
µWs and mWs to take advantage of periods of good signal
strength and nimble to deal with highly dynamic channels
resulting from body movements. To achieve this, we propose
radio polymorphism, a radio architecture with tightly integrated passive and active components that allows us to turn
high channel dynamics to our advantage. We leverage passive modes in myriad ways within the network stack, from
minimizing data transfer and control overheads to improving rate selection and enabling channel-aware opportunistic
transmission. We instantiate our design in a full hardwaresoftware prototype, Morpho, and demonstrate up to an order
of improvement in efficiency across diverse scenarios and
applications.
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INTRODUCTION

Duty-cycling has emerged as the predominant method for
optimizing power consumption of low-power radios. For
example, Bluetooth LE is an optimization of the Bluetooth
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standard that enables rapid connection establishment, transmission of a short burst of information, and rapid disconnection. This rapid transition time makes it possible to mask
the power consumed during active operation of the radio,
which is milliwatts compared to microwatts in sleep mode.
As a result, duty-cycled radios like Bluetooth LE and Zigbee
have become the preferred choice for sensors that transmit
sporadically in small bursts, for example, home temperature monitoring, location beacons, security alarms, humidity
sensors, and other similar IoT devices.
But duty-cycling is insufficient for applications involving
high-rate sensor data from IMUs, ECG, microphones, and
imagers, that are used in wearable and tactile computing
applications. The signals from these devices are noisy and
complex which makes data interpretation a significant challenge [42]. To address this problem, we often need sophisticated machine learning techniques that are more complex
than what we can execute locally and require computational
resources in the cloud. The end result is a growing need for
low-power radios that can support continuous streaming
rather than transfer in short, intermittent bursts.
This trend has significant consequences from a power perspective. Normally, we would expect high-rate sensors to
be the bottleneck in terms of power consumption but this
has changed in recent years. For example, state-of-art lowpower microphones, cameras, IMUs and ECG chips in the
market consume between tens of microwatts and a few milliwatts for continuous sampling [9, 16, 27, 50]. But streaming
communication has not kept pace with sensor developments
— active mode power consumption of low-power radios is
around ten milliwatts, which is an order of magnitude higher
than the sensors. Continuous streaming of sensor data for
real-time applications means that the radio needs to wake
up frequently and cannot batch data before transmission. In
these regimes, the prevailing wisdom of using duty-cycling
to judiciously use the radio is ineffective.
Radio polymorphism: In this paper, we argue that there
is significant room for optimization in the form of large gaps
between received signal strength and receiver sensitivity.
But these gaps often occur at extremely low power levels,
and existing radio-level methods like transmit power control

