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Estimation of User Action and a Static Object in
Touch with a Cell-phone Using a 3-axis
Acceleration Sensor and a Vibration Motor
under PWM Control

Yon Suiraisar, ! Kouta SucawaRraf?
and OSAMU TAKAHASHI!

In recent years, there are many researches about action estimation by using
acceleration sensors. In particular, the accuracy of estimation with single 3-axis
acceleration sensor is improving. However, many existing researches for user
action estimation have focused on only the change of acceleration data caused
by actions of a user. These approaches cannot estimate a static object in touch
with a cell-phone because such static object has no change of acceleration data.
In this paper, we propose a method to simultaneously estimate a static object
(static item) and a user action (dynamic item) based on active sensing. We use
a 3-axis acceleration sensor and a vibration motor attached to a cell-phone as
the devices for active sensing. This method vibrates a cell-phone by a motor

under PWM control, extracts feature quantities from the measured acceleration
data and estimates both static and dynamic items based on the differences of
the feature quantities. We implemented the proposed method and evaluated
the accuracy of our method through some experiments on the simultaneous
estimation of static and dynamic items. The experimental results showed that
the average rate of estimation accuracy was 91.32%.
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Fig.1 Position of this study.

00o0oooooog Vol 52 No. 2 571-584 (Feb. 2011)

goooboooooooooooboooooooooooooooooboooooDbono
goooooooobooboooooobooobooooobooooobooobooooobo
0000000000000 0® 00000000000000000000000000
gobobz2100000000000000O00000O0O00O0O0O00O0OCOOOOOO0
ooboodooobod

21 0000

211 0000

gooooooooobboboboooooooooooooOobobObObObObObOOoOoOooOoao
goooboobooooo3ooooboobooooooboboobooboooboooooonoon
oboooboooboobooooooboooboooooooooboobomuoooO=0000

goboooooobooboooobooooobooOooooOooOoOooOoOoOobobooOooOboOoooboboOoon

goboooobooooboooooooobooOoooooOoooOooOoOooooboboOoomooonoo
goooooooooooooooooboooooooboboOooOoooooooooooDooo
oooooooooooobomooooooobooboooo0ooooooo0o0oooooon
gooboooooooooooooooobooboooooooooobooooboobooon
goooooooobooooboooooboooobboooobobooooobObooboboooDoDo
goooobooooooooooooboooooooboooooooooDbooooOoooDoo
gooooooooooooooooobooboobobobOoboooooDbboboOoooDboOBbo
gooooooooooooooooooobobo0ooooooboobooooooooDoo
goooboooooboooooooobooooboboooooooobooo
gooooobooooooooboooobooboooooooboooooooooooao
gooobooooooboobooobooooboboooboooooooooooooooon
goooboboooooooocooboooboooooboooboboOooooooOoooobooboboa
gooobooboooooobooooooooooobooobOOoOo0oooOoOoOooooDoooa
goboooooboboooooooo

212 0O0OO
gboooooooooboooooboooooooooboobooobOoboOoOobOoOoOoOoDbo
gooboooooooboooooboooooooooobobbooobooooOoboOooooDboo
goooobooooooooooooooOooooooOooOooooboOoooOobOOoooOooOboDo
goooooooooooobooobooooooobOoobooobooooDbOoOobboooooboo
gooooboooooooobooobooooooooboooOoooooboooooooooDoonoo

(© 2011 Information Processing Society of Japan



573 300000000 pWMOOOOOOOOOOOOOOOOOOOOOOOOOOOGODOOO

000000oDo0oooo 200000000000000000D0000DO0000O0O0O00d
0000o00o0o00ooooo0ooooooooooooooooooogoooooogd
gobooooooooooooo
2.1.3 DOOODOOODO
goooobooooOoOoooooooooooOooDooooOooboooooooDoo
goooooooooOooooooOoOooooboboooOoOoooboooOoOoooDobobo
goooooooooooooooDooo0ooOoboboOoOoooobooboOooooOOoooDoo
gbooobooobooboobooboooooboooobOo 3boboooboobobDOoo
goooooooboOoooboboiooo0ooooU0UobDoooUoboOooUUuDobooo
goooobooobooo0ooOoUooOoOooooUoUoOobooOUUoUobOoDooUUooDoDoo
gb30fgboobooboobooobooboooboooo@omobDOoomo
00000000009 7/%0000000000000000%00000000000
00D00000000000000000000000000000Y 00000000
Jo0o0ooo0o0oo0o0oooooOdoooOooo0oooooooOooooooooog
0000000000000000000000 9%.7%0000000000000
214 0O0O0ODOOODODOO
00000o0ooO0oooo00oooo0oo0DoooDoDooooooDoooooooo
000o00oooooooooooooooooooooooooooooooooooo
000000000 000oDo000ooo00ooooDoooooo0ooooooo
0000ooo00d0oooo0ooooo0ooooooooooooooogoooooo
gooooooooooooooooboobooooobobooooobooooooDboo
goooooooooooooooooooboooooboobooooboooOoooo
gofoooooooOoobooboOooo0oooOooobooooOboOoooOoDoooOoDo
gobooboooooooooo0oOoD 2000000 30b00O0OO0OOOOODO
O000000Opassive sensingdl 000000000000 DOOODOO0ONOODO active
sensingd 000000000 O0OOCOOOOOO0OO0OOOO0ODOOODOOOOOOOOO
gbobobomoobo sgboboboboboobooboobobobOobOobUubo
gooobooodoooodoooboUooUooOoooUoOUoboboUDOobobUDo
O0000000O00000KunzeO0OOO? 0000000000000000000O
godooboooooooooooOo0ooboboOo0bogUoUoooDooggUooDoo
0000000000000000035000000 81%016000000 95%000

00o0oooooog Vol 52 No. 2 571-584 (Feb. 2011)

-
[

—_
—
——o
=
— o
|
—o%
—
o
=
—
=
——o
=
—o
="
—
——
=3
F— o
——
—
—
—
o
—

resultant value[G]

o
©

data

—- passive sensing —— active sensing

02 000000000000O00000000O0O0O0

Fig.2 Difference between passive and active sensing.
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Table 1 Specifications of acceleration sensors.
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Table 2 Specifications of vibration motors.
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Fig.3 An overview of the proposed method.
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Fig.4 An example of PWM (D = 0.25).
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Fig.5 Theoretical and effective value of frequency of vibration motor based on PWM.
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Table 3 Relation between duty ratio and wave undulation.
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Fig.6 Differences at weak rotation (1). Fig.7 Differences at weak rotation (2).
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Fig.8 Differences at strong rotation (1). Fig.9 Differences at strong rotation (2).
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Table 4 Static and dynamic estimation item.
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Table 5 Comparing the proposed method with other approaches.
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Fig.11 Wave shape (200 Hz sampling). Fig.12 Wave shape (100 Hz sampling).
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Table 6 Feature quantities for estimation.
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Fig.16 An overview of the proposed system.
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Fig. 15 The prototype terminal for this
experiments.
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Fig. 17 Estimation accuracy over number of supervised data.
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Table 7 Estimation accuracy used 16 feature quantities (Walk and jog).

class Walk Jog
Pocket | Hand | Bag(take) | Pocket | Hand | Bag(take)
J48 96.15 | 81.19 82.45 99.4 99 97.72
Multilayer Perceptron | 97.95 | 91.49 88.18 99.85 | 96.99 94.96
Bayes-Net 98.4 | 86.47 87.44 99.9 | 96.65 96.89

08 1l60000000000000O00OO

Table 8 Estimation accuracy used 16 feature quantities (Stand and total average).

class Stand
Total avg.
Pocket [ Hand | Table | Bag(put) | Bag(take)
J48 92.23 | 85.98 | 92.95 83.95 92.63 91.32173
Multilayer Perceptron | 89.64 | 83.48 | 91.2 76.19 93.62 91.22609
Bayes-Net 90.7 | 77.72 | 92.84 76.5 94.74 90.9913
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Table 9 Estimation result.

e A
a b c d e f g h i j k
a | 137/135/143 4/4/0 711/7 2/0/0
b 5/3/3 91/88/96 3/911 1/0/0
c 0/1/0 93/93/98 2/0/0 5/6/2
d 6/1/10 3/6/4 3/4/1 85/83/71 3/6/14
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h 0/1/0 1/0/0 18/0/0 81/96/97 0/1/2 0/2/0 0/0/1
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Table 10 Estimation result of only dynamic items.

Stand | Walk | Jog | Total avg.
J48 99.9 | 99.2 | 99.04 [ 99.4897
Multilayer | 150 | 96.94 | 96.93 | 98.4
Perceptron
Bayes-Net 100 97.4 | 97.27 | 98.6037
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Fig. 18 Decision tree of the experiment.
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Fig. 19 Frequency of feature quantities used for estimation.
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Table 11 Estimation accuracy used 13 feature quantities (Walk and jog).

class Walk Jog
Pocket | Hand | Bag(take) | Pocket | Hand | Bag(take)
J48 96.53 | 81.89 83.97 99.4 99 97.72
Multilayer Perceptron | 97.06 | 88.44 86.77 99.75 | 94.88 93.29
Bayes-Net 98.5 | 87.06 87.31 100 | 96.82 96.61

012 130000000000000000

Table 12 Estimation accuracy used 13 feature quantities (Stand and total average).

class Stand
Total avg.
Pocket | Hand | Table | Bag(put) | Bag(take)
J48 92.59 | 85.66 | 93 843 93.59 91.59129
Multilayer Perceptron | 90.72 | 81.75 | 90.06 77.61 93.02 90.40869
Bayes-Net 91.41 | 80.44 | 93.68 78.52 95.45 91.65217
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