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A Study on Smartphone Touch Operation
Analysis and Human Group Detection toward

Timely Information Notifications™

Yuko Hirabe

Abstract

Recent rapid penetration of smartphones has brought increasing demands
for realizing the information notification technology which enables optimal in-
formation notification in terms of both timings and contents utilizing sensors
embedded in a smartphone. To realize the information notification technology,
two primary techniques are needed: (1) estimating suitable timings for easy
attention drawing from the user’s context; (2) inferring the companions who
are with the user and deciding optimal contents of notifications to the user.

In the previous research regarding (1), there are many methods to infer con-
texts to simple motions, such as standing, sitting, running, and walking, by
using accelerometer and gyroscope. However, in the notifications based on the
simple motions, it is difficult to select suitable notified-contents. Regarding (2),
by harnessing information of locations and movements of the user, systems of
the recommendation and service that let a user know useful information (high
rating-restaurant nearby the user or optimum time for the user to get on a bus
or a train) exists. The information notified to the people who use these systems
is helpful. However, there is no notification system for recommendation and
service that considers companions of the people.

In this thesis, the main aim is to realize a basic system to enable estimation of

*Doctoral Dissertation, Graduate School of Information Science,
Nara Institute of Science and Technology, NAIST-IS-DD1561017, March 15, 2018.
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user’s contexts concerning the timing of information notification. Considering
universal use in the future, we proposed methods of analysis to users’ input
(touch operation) to touch panel on smartphones, also group estimation by
harnessing BLE (Bluetooth Low Energy) advertisement signals provided on
cell phones.

To be able to estimate user contexts based on touch operations, we developed
a system, TouchAnalyzer, which allows us to analyze touch operations of users
by transforming to statistical information. TouchAnalyzer decodes low-level
data outputted by OS (Operation System), and can detect touch operations
like single-(multi-) touch and swipe, pinch-in(-out), and rotate. In addition,
statistical information (swipe speed, the frequency of touch operation, area size
touched and pressured by a user) are obtained on TouchAnalyzer. Utilizing the
developed system, we tried to estimate user’s hand-holding of a smartphone,
which is one of the contexts acquired from analysis of touch operations informa-
tion. We employed machine learning algorithms to predict eight hand-holdings
defined on Android in general, and estimated the eight hand-holdings by using
the algorithms with the data collected from 16 participants. As a result, the
algorithms achieved around 90% mean F-values as estimation accuracy.

About (2), we developed a system for the acquisition of RSSI (Received Sig-
nal Strength Indicator) values of BLE signals on a smartphone to realize group
detection. Applying the RSSI acquirement system, we created a model of prop-
agation characteristic of RSSI. On the situation selected as the most appropriate
thresholds experimentally, the model was evaluated in the scenario-based ex-
periments and we confirmed that group detection can be done almost precisely

with the model.

Keywords:

context estimation, touch operation analysis, human proximity, Android, BLE,

interference notification
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(a) 00O (Decision Tree)

Class Precision Recall F O

1 0.602 0.606  0.581
2 0.594 0.598  0.584
) 0.608 0.575  0.545
6 0.432 0.434 0.429

Average 0.562 0.563  0.543

(b)) boDoOO0DO0O (Logistic regression)

Class Precision Recall F O

1 0.697 0.678  0.635
2 0.746 0.713 0.601
5 0.670 0.678  0.650
6 0.518 0.499  0.438

Average 0.660 0.644 0.612

() D0D0DD0O0DDO (Random Forests)

Class Precision Recall F O

1 0.683 0.692 0.678
2 0.636 0.631 0.614
5 0.682 0.627  0.586
6 0.467 0.463 0.444

Average 0.602 0.596  0.576
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