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Abstract. Wireless sensor networks have the potential to provide wire-
less data retrieval from a diverse set of sensors, that would otherwise be
too costly or prohibitive to acquire through manual campaigns. However,
traditional mote-based sensor networks typically multiplex wired sensors,
which suffer from restricted sensor placement and are prone to sensing
failures due to sensor cable fragility. We present a prototype wireless
multi-sensor interface based on an ultra-low power wake-up radio ar-
chitecture, which provides flexible sensor placement while circumventing
the negative impacts imposed by sensor cable fragility.

1 Introduction

Many wireless sensing application domains (e.g. environmental monitoring) re-
quire the measurement of a diverse set of sensors. These typically multiplexed
sensors are wired to a networked embedded system (or mote) where each sensor
is sampled, the measurement data post-processed and communicated to a sink
over a multi-hop wireless network, as exemplified in [1].

However, these traditional mote-based wireless sensor networks impose re-
strictions on sensor placement and are prone to sensing failures due to sensor
cable fragility. The physical placement of each sensor is restricted by the laying
of cabling, costly cable fixtures and limited port count per mote enclosure. The
sensor cabling is fragile (i.e. prone to physical damage), which can adversely
impact the mote’s sensing capabilities. Furthermore, since a multitude of wired
sensors are directly controlled by a single mote, if the mote becomes unavailable
(e.g. due to a depleted power source), all sensing capability assigned to the mote
is lost.

We present a prototype ultra-low power wireless multi-sensor interface for im-
proved sensor placement while circumventing the negative impacts imposed by
sensor cable fragility. The enhanced sensor interface extends a mote (henceforth
termed cluster-head) with a sensor abstraction capable of aggregating sensor
data over a wireless link from a set of cluster nodes within its vicinity, as illus-
trated in Figure 1. Energy efficient wireless data delivery is achieved through a
wake-up radio [2] architecture. Each cluster node operates autonomously; col-
lecting and storing measurement data from its physical sensor(s) and responding
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to data requests from the cluster-head over the wireless link. The wireless con-
nectivity provides sensor placement flexibility, while the autonomous operation
of each cluster node mitigates all risks associated with sensor cabling.
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Cluster Nodes

readSensor(...)

Fig. 1. System concept of the ultra-low power wireless multi-sensor interface.

2 Multi-sensor Interface Communication

At the heart of the wireless multi-sensor interface is a wake-up radio, which
provides an energy efficient asynchronous rendezvous scheme [3] between the
cluster-head and cluster nodes. The cluster node incorporates an always-on ultra-
low power radio receiver (i.e. ∼3µA quiescent current drain) which is continually
searching for a specific wake-up sequence. If this wake-up sequence is successfully
detected, the cluster node commences radio communication using its high power
data radio. Significant energy is saved as the high power data radio is only active
during the necessary data communication.

The communication data flow of the wireless multi-sensor interface between
the cluster-head and each cluster node is illustrated in Figure 2. It is the respon-
sibility of the cluster-head to initiate the request for multi-sensor data. This
is achieved by generating an appropriate wake-up sequence and transmitting it
using its data radio. The wake-up sequence is modulated using On-Off Keying
(OOK) on the 434MHz carrier frequency. Each cluster node receives the wake-
up sequence through its antenna and antenna switch before being processed by
the wake-up radio. Upon successful detection of the wake-up sequence, an inter-
rupt is triggered on the interfacing microcontroller, awaking it from a low power
sleep mode. The microcontroller constructs a data packet containing previously
stored sensor data and transmits the packet using its data radio. A TDMA-based
multi-user access policy is employed to prevent collisions in data transmission.
The cluster-head receives the packet using its data radio and processes it ac-
cording to the the target application.

3 Prototype Implementation

The prototype ultra-low power wireless multi-sensor interface consists of a cluster-
head and a cluster node. The cluster node prototype hardware is shown in Fig-
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Fig. 2. Communication data flow between the cluster-head and cluster-node.

ure 3. The cluster-head and cluster node each incorporate a PIC24F32KA302
16-bit microcontroller coupled with a TI CC11xL sub-1GHz data radio module.
The cluster node microcontroller is also interfaced to a wake-up radio, consist-
ing of a custom On-Off Keying (OOK) demodulator coupled with an AS3930
125kHz wake-up receiver. The design of the wake-up radio is an adaption from
[4], where the carrier frequency has been shifted down to the 434MHz ISM band.
The cluster node incorporates an antenna switch for multiplexing the antenna
feed between wake-up and data radios, a resistive temperature sensor, and ex-
ternal non-volatile memory for the storage of measurement data.

Fig. 3. Cluster node prototype hardware including microcontroller, serial configuration
interface, thermistor, antenna switch, wake-up and data radios.

4 Prototype Evaluation
An evaluation of the power dissipation and communication performance of the
prototype has been performed. Figure 4 illustrates the cluster node power dissi-
pation during (i) sensor measurement (i.e. periodic sampling of thermistor using
a built-in ADC) and storage of data into non-volatile memory, (ii) low power
microcontroller sleep mode with active wake-up radio, and (iii) wake-up initiated
by cluster-head and transmission of measurement data. Assuming a deployment
configuration of 1 measurement per hour with data requested once every 3 hours,
the cluster node has a total average power dissipation of 78.5µW, leading to an
estimated operation lifetime of more than 3 years from a 1000mAh coin cell bat-
tery. Under the same deployment conditions, the cluster-head achieves a 0.62%
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data radio duty cycle while supporting up to 256 cluster nodes. The current
wireless multi-sensor interface prototype achieves a line-of-sight communication
range of up to 14 meters.
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Fig. 4. Cluster node power dissipation excluding the antenna switch measured at 3.0V,
plotted with a logarithmic power scale.

5 Conclusion & Future Work

We present an ultra-low power wireless multi-sensor interface which improves
sensor placement flexibility and circumvents the negative impacts imposed by
sensor cable fragility. A prototype of the enhanced sensor interface has been
developed and evaluated. The cluster node achieves an total average power dis-
sipation of 78.5µW assuming a realistic deployment configuration, with up to 14
meters line-of-sight wake-up communication range. Future work include hard-
ware optimizations to increase the wake-up communication range.
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