
environmental activity is sound. It has been shown that in
many situations ambient sound analysis can be used to dis-
tinguish between different settings, activities, and situations
[4].

1.3 Paper Aims and Contributions
This paper is part of our work aiming to develop a reli-
able context recognition methodology based on the above
approach. It presents a novel way of combining motion
sensor-based gesture recognition with sound data from dis-
tributed microphones. In particular we exploit intensity dif-
ferences between microphones on the wrist of the dominant
hand and on the chest to identify relevant actions performed
by the user’s hand.
In the paper we focus on tracking user activity during as-

sembly or maintenance tasks. Such tasks are among the
most important applications of wearable computing (e.g.
[2, 7]) and could significantly benefit from context sensi-
tivity. At the same time these tasks are well structured and
limited to a reasonable number of often repetitive actions.
In addition, machines and tools typical to a workshop envi-
ronment generate distinct sounds. Therefore, these activi-
ties are well suited for a combination of gesture and sound–
based recognition.
This paper describes our approach and the results pro-

duced in an experiment performed on an assembly task in
a wood workshop. We demonstrate that simple sensors
placed on the user’s body can reliably select and recognize
user actions during a workshop procedure.

1.4 Related Work
Acceleration–based activity recognition has been studied by
different research groups [11, 14, 19]. However all of the
above work focused on recognizing comparatively simple
activities (walking, running, and sitting). Sound based sit-
uation analysis has been investigated by Pelton et al. and
in the wearables domain by Clarkson and Pentland [12, 5].
Intelligent hearing aids have also exploited sound analysis
to improve their performance [3].

2 Experimental Setup
Performing initial experiments on live assembly or mainte-
nance tasks is unadvisable due to the cost and safety con-
cerns and the ability to obtain repeatable measurements un-
der experimental conditions. As a consequence we have de-
cided to focus on an “artificial” task performed at the work-
bench of wood workshop of our lab (see Figure 1). The task
consisted of assembling a simple object made of two pieces
of wood and a piece of metal. The task required 8 process-
ing steps using different tools and including walking and

Figure 1: Left: the wood workshop with 1) grinder, 2) drill,
3)file and saw, 4) vice, and 5) cabinet with drawers. Right:
The sensor type and placement is identical with the one used
in our experiment: 1,4: microphone, 2,3 and 5: 3-axis ac-
celeration sensors.

other gestures similar to an assembly task in a real world
setting.

2.1 Procedure

No action
1 take the wood out of the drawer
2 put the wood into the vice
3 take out the saw
4 saw
5 put the saw into the drawer
6 take the wood out of the vice
7 drill
8 get the nail and the hammer
9 hammer
10 put away the hammer, get the driver and the screw
11 drive the screw in
12 put away the driver
13 pick up the metal
14 grind
15 put away the metal, pick up the wood
16 put the wood into the vice
17 take the file out of the drawer
18 file
19 put away the file, take the sandpaper
20 sand
21 take the wood out of the vice

Table 1: Steps of workshop assembly task.

The assembly sequence consists of sawing a piece of
wood, drilling a hole in it, grinding a piece of metal, at-
taching it to the piece of wood with a screw, hammering in
a nail to connect the two pieces of wood, and then finish-
ing the product by smoothing away rough edges with a file


