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The Analysis of Pen Pressures of Handwritten Symbols
on PDA Touch Panel Using Self Organizing Maps

HirosHI D0OZONO,t MASANORI NAKAKUNI, "t HIROAKI SANADA,t¢
DaisHI TAKATA, 97 HISAO TOKUSHIMA' and YOSHIO NOGUCHIt

For the realization of the ubiquitous computing, the mobile computers such that PDAs and
Smart phones will be the important components. But, the mobile computers tend to be used
without authentications because they should be usable as soon as the power become on. In
this paper, we propose a authentication method without loosing the usability of PDA. With
this method, the user is authenticated using the pen pressure pattern measured by tracing
the symbols which are displayed on the screen with stylus. From the analyses of pen pressure
patterns using self organizing maps, the symbols which are suitable for authentication are
selected. The effectiveness of this method is confirmed with the authentication experiments
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using the symbols.
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Fig.1 Structure of the touch panel.
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Fig.2 The screen of the software for taking pen input
data.
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Fig.3 A sample of pen strokes and pen pressures.
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Fig.4 The map trained by using pen strokes and pen

pressures.
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Fig.5 Distribution of the pen data of each symbol taken

from each user.
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Fig.6 The map trained by using pen pressures and pen
speeds.
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Fig.7 Distribution of the pen data (pen pressures and
pen speeds) of each symbol taken from each user.
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Fig.8 The screen of the software for authentication

experiments.
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Fig.9 Distribution of the pen data (pen pressures and pen
speeds) of each symbols which are used for authen-
tication experiments.
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Fig.10 Distribution of the pen data (pen speeds) of each
symbols which are used for authentication experi-
ments.
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Table 1 Results of authentication experiments using both
pen speed and pen pressure.

Spiral learned data

acceptance false acceptance false rejection

rate rate rate
user-1 0.429 0.571 0.032
user-2 0.429 0.571 0.016
user-3 0.571 0.429 0.000
user-4 0.857 0.143 0.063
user-5 1.000 0.000 0.016
user-6 0.571 0.429 0.063
user-7 0.857 0.143 0.016
user-8 0.857 0.143 0.016
user-9 0.857 0.143 0.063
user-10 | 0.857 0.143 0.016
average | 0.729 0.271 0.030

Spiral test data

acceptance false acceptance false rejection

rate rate rate
user-1 0.000 1.000 0.037
user-2 1.000 0.000 0.037
user-3 1.000 0.000 0.074
user-4 0.667 0.333 0.074
user-5 1.000 0.000 0.037
user-6 0.000 1.000 0.037
user-7 1.000 0.000 0.074
user-8 1.000 0.000 0.037
user-9 0.000 1.000 0.037
user-10 | 0.333 0.667 0.000
average | 0.600 0.400 0.044

Star2 learned data

acceptance false acceptance false rejection

rate rate rate
user-1 0.714 0.286 0.063
user-2 0.714 0.286 0.048
user-3 1.000 0.000 0.000
user-4 0.571 0.429 0.048
user-5 1.000 0.000 0.000
user-6 0.571 0.429 0.016
user-7 1.000 0.000 0.000
user-8 1.000 0.000 0.000
user-9 0.857 0.143 0.031
user-10 | 0.571 0.429 0.016
average | 0.800 0.200 0.022

Star2 test data

acceptance false acceptance false rejection

rate rate rate
user-1 0.667 0.333 0.148
user-2 0.667 0.333 0.037
user-3 0.667 0.333 0.037
user-4 0.333 0.667 0.148
user-5 1.000 0.000 0.000
user-6 0.000 1.000 0.074
user-7 1.000 0.000 0.000
user-8 0.667 0.333 0.000
user-9 0.000 1.000 0.000
user-10 | 0.000 1.000 0.037
average | 0.500 0.500 0.048
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Table 2 Results of authentication experiments using pen speed.

acceptance

false acceptance  false rejection

rate (Average) rate (Average) (Average)
Spiral learned data | 0.643 0.357 0.039
Spiral test data 0.467 0.533 0.059
Star2 learned data 0.743 0.257 0.028
Star2 test data 4 0.500 0.500 0.055
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Table 3 The false acceptance rate of non-learned data.

false acceptance  false acceptance

rate (Spiral) rate (Star2)
user-1 0.041 0.000
user-2 0.040 0.000
user-3 0.265 0.143
user-4 0.122 0.429
user-5 0.082 0.204
user-6 0.143 0.061
user-7 0.122 0.061
user-8 0.020 0.000
user-9 0.081 0.000
user-10 0.041 0.000
average 0.095 0.089
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