USER POSITION-BASED LOUDSPEAKER CORRECTION

Joel LINDFORS (joel.lindfors@aalto.fi)!, Juho LISKI', and Vesa VALIMAKI'

Acoustics Lab, Dept. of Signal Processing and Acoustics, Aaltoe University, Espoo, Finland

ABSTRACT

In our work, we present and study a novel loudspeaker
correction system. This correction system uses the loca-
tion of the user to determine the calibration parameters.
By correcting for the loudspeaker’s response at multiple
locations and changing the calibration in real-time based
on the user’s location, we expect a less colored frequency
response compared to no applied calibration and static cal-
ibration methods. The developed method, User Position-
Based Loudspeaker Correction (UC), produces a flatter
frequency response than that of no applied calibration: for
example, in one of the measurement conditions the aver-
ages of the ranges of the frequency response went from
10.3dB in the non-corrected setting to 4.7dB in the UC
setting. Further, it is shown to outperform a static method
of correcting for the frequency response of each point
in space by using calibration derived from measurements
from a predetermined listening position. Finally, by inter-
polating the EQ gains for the calibration from a set of mea-
surements for the suggested correction method, the sys-
tem’s resolution could be increased with the resulting cali-
bration still outperforming the static correction method.

1. INTRODUCTION

Truthful audio reproduction is essential for a multitude
of media applications, ranging from media consumption
and media production to scientific purposes (e.g., listening
tests). However, listening with loudspeakers has its down-
sides. The overall coloration of the system results primar-
ily from loudspeaker setups being inside acoustically im-
perfect rooms [1].

One approach for further mitigating the effect of the room
on sound reproduction is to use loudspeaker calibration [2].
Speaker calibration uses a calibration filter based on an on-
site measurement of the loudspeaker setup. Correction can
be done based on a single-point measurement [3] or on
an average of multiple measurements around the room [4].
Previously loudspeaker calibration was done by using ana-
log graphic EQs to counteract any peaks and troughs in the
frequency response of the whole listening setup [5], but re-
cently automated loudspeaker calibration software that tai-
lors the equalization with little human interaction has been
the standard (for example [6]).
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While used by many in domestic and professional do-
mains, current state-of-the-art loudspeaker correction has
a significant defect. While correcting for the coloration of
the converter, amplifier, cables, loudspeaker and average or
approximate acoustical imprint of the room, the listener’s
position significantly affects the perceived sound [1, 2].
This effect is caused by the room dimensions and construc-
tion, irregular surfaces inside the room (e.g., furniture) and
the directivity pattern of the loudspeaker. These proper-
ties behave in a seemingly sporadic manner as the listener
moves within the room [1].

Some methods have been developed for localized audio
reproduction. A linear loudspeaker array was used for dy-
namic audio reproduction in [7] by tracking a moving head
in front of 28 loudspeakers. The authors used a Microsoft
Kinect to track the head in space and created dynamic fil-
ters to create listener-adaptive audio reproduction. In [8],
room reflection compensation for a similar loudspeaker ar-
ray was studied. This system also uses the user’s position
with respect to the loudspeaker array to work. However,
to the best knowledge of the author, no studies have at-
tempted to use spatial tracking of the user to calibrate a
stereo loudspeaker setup.

In order to mitigate the issues present in static loud-
speaker correction systems, this work aims to develop soft-
ware for tracking the user in a 3D space by implementing
spatial tracking for the measurement and calibration sys-
tem. This tracking system uses a depth-sensing camera to
track the measurement process and the listener in three di-
mensions in real-time. The loudspeaker is calibrated based
on the measurements for each spatial position using a stan-
dard whitening process with a state-of-the-art multi-band
graphic EQ [9]. The measurements are verified by testing
the equalization in the measurement positions to establish
the accuracy of the method. A program is implemented to
test the correction in real-time, though significant subjec-
tive tests will not be performed due to time constraints.

This paper is organized as follows. Section 2 presents the
principle behind the suggested correction system. Section
3 defines the measurement methodology. Section 4 shows
the measurement results. Finally, the conclusions are pre-
sented in Section 5.

2. USER POSITION-BASED LOUDSPEAKER
CORRECTION

2.1 Variable Loudspeaker Calibration

The developed method, User Position-Based Loudspeaker
Correction (UC), allows changing the corrective equaliza-
tion of the loudspeakers to correspond with the position of
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