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ABSTRACT
Martial arts can promote healthy lifestyles, improve self-
confidence and provide self-defence skills. Previous work
has demonstrated that inertial sensors can be used to recog-
nise movements such as punches in boxing and support
self-directed training. However, many martial arts do not
use gloves which means that punches can be performed with
different parts of the hand, and therefore produce a different
sound on impact. We investigate if it is possible to recog-
nise different punches executed with a bare hand, and if the
recognition rate improves by combining audio input with
the traditional inertial sensors. We conducted a pilot study
collecting a total of 600 punches, using a wearable wristband
to capture inertial data and a stand-alone microphone for
audio input. The results showed that it was possible to dis-
tinguish five types of punches with 94.4% accuracy when
using only inertial data, and that adding audio input did not
improve the accuracy. These findings can guide the design
of future wearables for punch recognition.
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1 INTRODUCTION
Martial arts provide several health benefits: it is a physical
activity that improves balance, the sense of psychological
well-being and creates opportunities for socializing with
others [15]. Additionally, it strengthens self-regulation [8]
and reduces aggressive behaviours in the youth [6]. Although
the chance of an injury in football or basketball is higher than
inmartial arts [1], martial arts training can be dangerous. The
main causes of injuries are the lack of experience [1] and the
type of employed technique [15]. Therefore, inexperienced
martial artists who train alone are at risk. Using the adequate
type of input data, a wearable device could help to support
self-directed training.

Movement and punch detection
Existing devices for tracking general full-body movement
are usually based on two types of technologies. On the one
hand, Kinect or similar depth sensors can be used to track
the body [5], but they do not perform well when detecting
contact and fast movements. On the other hand, full-body
tracking wearable systems exist (e.g. [9, 16]), but they are
expensive and can be difficult to put on.
Martial arts involve fast movements that often finish on

impact. Traditionally, these types of movements have been
recognised by augmenting training equipment with small
sensors, which provided more granular feedback; projects
like Smart Glove [12] or an interactive scoring system for
Taekwondo [3] show that this approach is feasible for both
boxing and traditional martial arts. However, these systems
rely on specialized sports equipment. Recent work shows
that using a small wrist-based wearable with inertial sensors
can recognise different types of activities [2, 11], including
punches [10]. In the latter example, Minakov and Passerone
showed through a small pilot study that it was possible to
distinguish between two different boxing punches (cross
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