
Demonstration Abstract: Automatic Speech

Recognition for Resource-Constrained Embedded

Systems

Felix Sutton, Reto Da Forno, Roman Lim, Marco Zimmerling, Lothar Thiele

Computer Engineering and Networks Laboratory, ETH Zurich, Switzerland

{fsutton,rdaforno,lim,zimmerling,thiele}@tik.ee.ethz.ch

Abstract—We demonstrate the design and implementation of
a prototype hardware/software architecture for automatic single-
word speech recognition on resource-constrained embedded de-
vices. Designed as a voice-activated extension of an existing
wireless nurse call system, our prototype device continually
listens for a pre-recorded keyword, and uses speech recognition
techniques to trigger an alert upon detecting a match. Preliminary
experiments show that our prototype achieves a high average
detection rate of 96%, while only dissipating 28.5 mW for
continuous audio sampling and duty-cycled speech recognition.
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I. INTRODUCTION

Low-power wireless networks for healthcare are largely
being used for monitoring patient activity and physiological
parameters [1]. Instead, we recently developed a wireless
nurse call system, providing bidirectional interactions between
patient and caregiver, based on push-buttons and off-the-shelf
low-power wireless devices [2]. We successfully deployed the
system in a summer camp for boys with Duchenne muscular
dystrophy (DMD).1 Patient devices were installed at the beds
so the boys could alert a caregiver for help during the night.
Using the Low-Power Wireless Bus (LWB) [3], our system
provides highly reliable and timely bidirectional interactions
between wireless patient devices and a centralized graphical
user interface through which caregivers acknowledge alerts.

Since boys with an advanced stage of DMD experience
difficulty pressing a button, we have developed a voice-
activated extension to our wireless nurse call system. To make
it convenient for a boy to request help, the new patient device
must automatically detect a single word with high accuracy.
Furthermore, to simplify deployment and ensure a system
lifetime of several weeks, the device must be battery-operated,
exhibit a compact form factor, and have a low total system
power dissipation. Contrary to most existing systems [4], we
seek a high single-word detection accuracy, while striving to
keep the energy footprint of each patient device to a minimum.

In this demonstration proposal, we outline a hard-
ware/software architecture for single-word speech recognition
on an embedded device exhibiting severe processing and
memory constraints. Despite these resource constraints, our
prototype achieves a high recognition rate of 96%, while only

1DMD occurs almost exclusively in males.
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Fig. 1. Prototype speech recognition device.

dissipating an average of 28.5 mW for continuous hardware-
based audio sampling and duty-cycled software-based speech
recognition. Finally, we describe in detail how we plan to
demonstrate our prototype at IPSN.

II. ARCHITECTURE OVERVIEW

Hardware. Figure 1 illustrates our current prototype, which
features an ARM 32-bit Cortex-M4 microcontroller. Audio
signal acquisition is performed using a dedicated audio codec
connected to a microphone. The analog signal from the mi-
crophone is sampled at a rate of 8 kHz with 16-bit resolution.
When the pre-recorded keyword is detected by the speech
processing chain, an attached communication node sends an
alert via LWB to the graphical interface just as if a button had
been pressed.

Software. In order to achieve our application requirements,
we implemented a state-of-the-art speech recognition algo-
rithm [5], as shown in Figure 2, coupled with several power
management techniques.




