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Multi-sensor Data Fusion for Optical Tracking of Head Pose
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Abstract  Accurate head pose tracking is a key issue to accomplish precise registration in indoor augmented reality

systems. This paper proposes a novel approach based on multi-sensor data fusion to achieve optical tracking of head pose
with high accuracy. This approach employs two extended Kalman filters and one fusion filter for multi-sensor environment
to fuse the pose data from two complement optical trackers, an inside-out tracking (IOT) with a camera and an outside-in
tracking (OIT) with two cameras, respectively. The aim is to reduce the pose errors from the optical tracking sensors. A
representative experimental setup is designed to verify the above approach. The experimental results show that, in the
static state, the pose errors of IOT and OIT are consistent to the theoretical results obtained using the rules of error
covariance matrix propagation from the respective image noises to the final pose errors, and that in the dynamic state,
the proposed multi-sensor data fusion approach used with our combined optical tracker can achieve more accurate and

more stable outputs of position and orientation compared with using a single IOT or OIT alone.
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Fig.1 Error propagation in optical tracking system
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Fig.2 Diagram of sensor data fusion algorithm for
optical tracking of head pose
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Fig.5 Diagram of invariable coordinate transformation

in the optical tracking system

A SCIEFE OIT HAA bR 2R GUAF b Hdfs fil & 0 it
GSHERY, 5 10T LEMBE T, BIPIMG2%
RGN EMEBIIE T, = Tw,—w, Ty Te,er,, R
JERASHENE T, A T,; Fe WS Z, M Z,;,
AN EKF AT 38

4.3 SLWHBRELH
4.3.1 BRI

M7 ARS8 R ER AR AR 8 5L, PRI
FEREA T2 Z)) H ARAERS € A7 B[ E ANB), Dk 200
TR, 75 12 LA K v A B TOT A1 OIT %
AREMARMEZ, R 1 AK 2 Pros. £ 1 MK 2
B T ES 2.1 055 E OIT SN I
WK LC M RC ShZShrE iRz, 186 FE 7 4l
FIEE 2 WRERUT SR 2 TOT A OIT %3i%
ZERE G IR ZE AR IS AR

R FASIRERAAT T IRERAS PRI E (mm) K04
*®
Table 1 Logarithm table of translation errors (mm) of

the tracking system in static state

1g(d¢,,) 1g(0+,, ) 1g(0:. )
LC CEPA —1.266 —1.403 —0.459
RC CEPA —1.534 —1.544 —0.778
OIT PE —1.578 —1.148 —0.972
10T PE —0.792 —1.165 —0.417
K2 HSERELSA T ERERAS BB AR ZE (rad) 1Y
PR &

Table 2 Logarithm table of Euler angle errors (rad) of

the tracking system in static state

lg(ds,,) lg(de,,) 1g(ds.)

LC CEPA —2.876 —2.915 —3.246
RC CEPA —-3.123 —3.114 —3.511
OIT PE —2.713 —3.052 —3.525

10T PE —3.223 —3.751 —4.015
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Fig.6 Diagram of the variation relation between IOT

pose errors and image noise
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