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Abstract

In this paper, we present a pen-shaped input device equipped with accelerometers and gyroscopes that measure
inertial movements when a user writes on 2 or 3 dimensional space with the pen. The measurements from gyroscope
are integrated once to find the attitude of the system and are used to compensate gravitational effect in the
accelerations. Further, the compensated accelerations are integrated twice to yield the position of the system, whose
basic concept stems from the field of inertial navigation. However, the accuracy of the position measurement
significantly deteriorates with time due to the integrations involved in recovering the handwriting trajectory. This
problem is common in the inertial navigation system and is usually solved by the periodic or aperiodic calibration of
the system with external reference sources or other information in the filed of inertial navigation. In the presented
paper, the calibration of the position or velocity is performed on-line and off-line. In the on-line calibration stage, the
complementary filter technique is used, where a Kalman filter plays an important role. In the off-line calibration stage,
the constant component of the resultant navigational error of the system is removed using the velocity information
and motion detection algorithm. The effectiveness and feasibility of the presented system is shown through the
experimental results.
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Table 1. Performance comparisons of the presented
pen-shaped input device

1A Y 9y B2 o4 45 H7t

7| 81 HE87 2 g3 3
23} (/s (/s (/s
0 0.00711 0.01086 0.00407
1 0.00267 0.01968 0.00152
2 0.00206 0.02409 0.01177
3 0.00965 0.00905 0.012
4 0.00161 0.00346 0.00134
5 0.00502 0.003 0.0029
6 0.0075 0.00086 0.00312
7 0.00194 0.00281 0.00453
8 0.02236 0.01543 0.00875
9 0.00089 0.01095 0.0084
A 0.00996 0.00533 0.00566
B 0.00926 0.01811 0.00712
¢ 0.0049 0.00438 0.0017
D 0.01025 0.01838 0.00109
E 0.00276 0.0239 0.00307
F 0.00406 0.00469 0.00472
G 0.01582 0.01882 0.01049
H 0.00199 0.01643 0.00706
I 0.00137 0.0091 0.0046
J 0.00092 0.01663 0.01143
K 0.00225 0.00968 0.00552
L 0.00405 0.01608 0.00352
M 0.0081 0.01257 0.01154
N 0.00493 0.00146 0.00207
0 0.02343 0.01895 0.00212
P 0.01416 0.00347 0.00489
Q 0.00947 0.02459 0.00482
R 0.00822 0.01156 0.00499
S 0.00813 0.00358 0.00107
T 0.00507 0.00232 0.00292
6] 0.00413 0.00405 0.00394
\% 0.00436 0.00532 0.00658
w 0.00424 0.00336 0.00204
X 0.00263 0.0028 0.01467
Y 0.00415 0.00578 0.00379
Z 0.00421 0.00582 0.00091
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Fig. 10. Comparisions of trajectories of the pen system
and those of the Tablet system (dotted line: pen system,

solid line: Tablet system) (a) number 2 (b) number 9 (c)
Alphabet E (d) number 7
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