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Abstract

We present input techniques for smartphones using a sty-
lus based on magnetism. Our techniques use a magnet
attached on a stylus and a three-axis internal magnetic
sensor in a smartphone. Using our techniques, users can
input into a smartphone using a stylus on the surface on
which the smartphone is placed. This enables users to em-
ploy a wider surface than the display of the smartphone

for input. In addition, our techniques require no additional
sensors on the smartphone. In this paper, we present two
input techniques: nonelectric and electric ones. In addition,
we describe our stylus for use with each technique and a
coordinates-estimation algorithm we implemented. We also
describe two applications: a digit recognizer and a paint
application.
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Figure 1: An example of a user’s
input.

Figure 2: Styli (a: nonelectric
stylus, b: electric stylus).

Introduction

This paper presents input techniques to smartphones. Our
techniques extend the input surface of the smartphone to
one around the smartphone. We employ a stylus where

a magnet is attached at the tip. The stylus enables users
to input into a smartphone using everyday surfaces in a
similar manner when inputting into a computer using a pen
tablet. Our techniques can be used in combination with
touch input or external input devices such as a Bluetooth
keyboard. Figure 1 shows an example of a user’s input.

Our techniques use only an internal magnetic sensor for
sensing to estimate coordinates of the stylus. Our tech-
niques estimate coordinates based on the assumption that
the stylus is placed on the surface perpendicularly. Users
are thus not required to attach any sensors to the smart-
phone. Moreover, the aforementioned assumption greatly
simplifies the algorithm for the estimation, allowing the
smartphone to estimate coordinates in real-time.

This paper presents two techniques: non-electric and elec-
tric ones. This paper also presents the algorithm to esti-
mate the coordinates of the stylus, and two applications that
use our techniques.

Related Work

Our techniques extend the input surface of a smartphone
to the wider one around a smartphone. Our techniques em-
ploy a stylus where a magnet is attached at the tip and use
an internal magnetic sensor. In this section, we review pre-
vious work related to our techniques.

Around Device Interaction using Magnets

GaussSence [10] is a technique to detect the place and
direction of a magnet embedded in a stylus using a hall
sensor array attached to the back of a smartphone. TMo-
tion [13] is a technique to realize 3D input into a smart-

phone using a pen-shaped device which contains a 9-DOF
inertial measurement unit and a magnet. By contrast, our
techniques require no additional sensors on the smart-
phone in to estimate the coordinates of the stylus because
the movable range of the stylus is limited to the surface on
which the smartphone is placed.

MagPen [8] is a gesture-input technique over 3D space
near a smartphone using a pen to which a magnet is at-
tached. MagGetz [7] is a user-customizable passive control
widgets that realize tangible interaction on and around a
smartphone using magnets and an internal magnetic sen-
sor. MagiSign [9] is a user identification/authorization tech-
nique based on 3D magnetic signatures around a mobile
device that use an internal magnetic sensor. These tech-
niques utilize the 3D space around a smartphone, whereas
our techniques use the surface around the smartphone as
an input surface.

Input Techniques using Existing Surfaces

Scratch Input [4] is an acoustic-based technique for gesture
input. It uses a stethoscope attached to the audio inter-
face of a computer to capture unique sound produced when
a fingernail is dragged over a surface. Anywhere Surface
Touch [12] allows any flat or curved surface to be used as
an input area by using a camera and microphone. Omni-
Touch [3] and Skinput [6] are techniques that use human
skin as an input surface. By contrast, our techniques use
the surface around a smartphone for input.

Estimating the position of a stylus is also explored to detect
inputs on existing surfaces. MEMO-PEN [11] is a ballpoint
pen equipped with a CCD camera on its tip. It reproduces
user’s handwriting on a computer by capturing them using
the camera. Abracadabra [5] allows users to input gestures
to a smartphone using 3D space around the mobile-devices
using magnets. By contrast, our techniques use only an



Figure 3: Joint mechanism.
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Figure 4: Coordinates system in
our algorithm.

internal magnetic sensor to estimate the coordinates of the
stylus on the surface around the smartphone.

Input Techniques to Computers using Magnets

uTrack[1] is a technique that converts the movement of the
thumb and ring finger into 3D input using a permanent mag-
net on the thumb and two magnetic sensors on the ring
finger. Han et al. [2] presented a pair of wearable devices
with two 2-axis magnet sensors and a magnet for inputting
characters into a computer. By contrast, our techniques es-
timate the coordinates of a magnet on the surface around
the smartphone using only an internal magnetic sensor.

Our Input Techniques

We present two input techniques: nonelectric and electric
ones. The difference between our two techniques is the
attached magnet. A permanent magnet is used in our non-
electric technique, whereas an electromagnet is used in our
electric technique. We implement both a nonelectric stylus
(Figure 2a) and an electric stylus (Figure 2b) for our non-
electric and electric techniques, respectively.

We describe how to input into smartphones using our tech-
niques. First, a user prepares a stylus. A stylus is a stick
where a magnet is attached at the tip. The user can easily
make a stylus by simply attaching a magnet to an ordinary
pen which contains no magnetic substances. Next, the user
places his or her smartphone on a surface such as a desk
and inputs using the stylus to the surface around the smart-
phone, as shown in Figure 1. When the user inputs using
one of our techniques, the stylus must be held on the input
surface perpendicularly. However, we remove this limita-
tion by employing a joint mechanism at the tip of the stylus
as shown in Figure 3. This joint mechanism between the
magnet and the ordinary pen causes the magnet automat-
ically to align perpendicularly to the surface regardless of

the direction of the stylus. Thus users can hold the stylus in
a natural manner.

Implementation

In this section, we describe the hardware and then the soft-
ware that runs on smartphones. We use an ASUS Zen-
fone 5 (OS: Android 5.0.2; size: 72.8 mm x 148.2mm x
10.34 mm; CPU: Qualcomm Snapdragon 400 1.2GHz;
RAM: 2GB) for our implementation. The internal magnetic
sensor in the smartphone is AK09911 3-axis magnetic sen-
sor (Asahi Kasei Microdevices).

Hardware

We implemented two styli: nonelectric and electric ones.
The nonelectric stylus (Figure 2a) is implemented by con-
necting a wooden stick (10 mm in diameter x 100 mm in
length) and the S pole of a neodymium magnet (10 mm

in diameter x 15mm in length) in series. We connected
two magnets to increase the magnetism of the stylus. The
electric stylus (Figure 2b) is implemented by wrapping a
polyurethane copper wire (0.4 mm in diameter) around a
ferrite bar (10 mm in diameter x 50 mm in length) approxi-
mately 480 times. We attached a microswitch to the N pole
of the electromagnet so that magnetism turns on only when
the user is writing on the surface. We applied 5V to the
electric stylus with a current of approximately 0.5 A.

The nonelectric stylus can be used without electricity ex-
cept on smartphones. However, the software must estimate
whether the user is in the process of writing because the
magnetic sensor observes the magnetic field of the mag-
net even when the user is not in the process of writing (i.e.,
the stylus is away from the surface). For this estimation,

we adopted a user-based approach: users must hold the
stylus in the place for a while before and after a stroke is
produced. In our implementation, our system determines
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the start and end of a stroke by determining whether the
estimated coordinates are changing. That is, the distance
between the former and current coordinates is longer than a
threshold empirically determined as 30 pixels. On the other
hand, using electric stylus, the software does not need to
estimate whether the user is in the process of writing be-
cause the magnetic field is turned off when the stylus is
away from the surface, while the stylus requires electricity.

Software

Our software obtains the readings of the magnetic sensor
at a fixed interval (20 ms in our current implementation), es-
timates the coordinates of the stylus based on these read-
ings, and sends the coordinates to the application. Our soft-
ware finishes this process within 20 ms. Moreover, when a
user inputs using the nonelectric stylus, the software also
determines whether the user is in the process of writing by
determining whether the estimated point is moving.

The algorithm for estimating the coordinates of the sty-

lus requires a preliminary process. Because the software
must cancel the effect of terrestrial magnetism, the software
stores the readings of the magnetic sensor as a terrestrial
magnetism component when the software starts. The algo-
rithm uses the difference between the current reading and
terrestrial magnetism component for estimation.

Moreover, if the stylus is too far from the sensor, the dif-
ference becomes too small to estimate coordinates. Thus,
our software estimates the coordinates only when the mea-
sured reading is greater than the highest terrestrial mag-
netism (i.e., the constant MAGNETIC_FIELD_EARTH_MAX
in SensorManager class for our current implementation).
Otherwise, our software stops estimating.

For the algorithm used to estimate the coordinates of the
stylus, we use the orthogonal coordinate system (z,y, 2)

as shown in Figure 4. In this coordinate system, the zy
plane corresponds to the input surface and the origin O
corresponds to the position of the magnetic sensor. Let
the magnet of length £ is placed on the point A(z 4, y4,0)
of the zy plane facing the N pole. Let B(b,, by, b.) be the
difference between the current reading and the terrestrial-
magnetism component at O. Then, (b, b,) can be com-

posed into b,., which is in the direction of O_fl Coulomb’s
law leads (b, b.) by (1). By calculating b,. /b, as shown in
(2), (3) is delivered. Here, r can be calculated by (3) using
the bisection method because ¢ is known. Then, x 4 and y4
are calculated by (4).

Evaluation

We conducted two experiments to investigate the effective-
ness and the limitations of our system. First, we investi-
gated the area in which our system can estimate the coor-
dinates of the stylus (Experiment 1) and then the accuracy
of the estimated coordinates (Experiment 2). We used the
same environment as described in the Implementation sec-
tion. Both experiments were conducted on a plastic desk.

Experiment 1: Area where our System can Estimate Coordi-
nates

We conducted Experiment 1 to investigate the area where
our system can estimate the coordinates of the stylus. First,
we placed the smartphone in the center of an A3-sized
sheet of paper taped to a desk. We then moved each sty-
lus throughout on the paper and determined whether our
system estimates the coordinates of the stylus.

Figure 5 shows the results of Experiment 1. For the non-
electric stylus, the results reveal that the area is an annulus
whose inner and outer radii are approximately 4 cm and
15cm centered on the magnetic sensor. The area is ap-
proximately 580 cm?, which is 8.3 times as large as that of
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Figure 5: Result of Experiment 1
(2cm per unit).

Figure 6: Result of Experiment 2
(2cm per unit).

Distance  Error Ratio
(mm) (mm) (%)
40-70 3.55 6.47
70 -90 5.26 6.40
90-110 749 7.64
110-130 8.26 6.98
130-150 11.3 8.24

40-150 8.03 7.37

Table 1: Average error and
average error ratio by distance
from Experiment 2.

the smartphone display. For the electric stylus, the results
similarly reveal that the area is an annulus whose inner and
outer radii are approximately 2.5cm and 12 cm centered on
the magnetic sensor. The area is approximately 350 cm?
which is 5 times as large as that of the smartphone display.
An inner area where our system cannot estimate coordi-
nates of the stylus exists because the magnetic sensor is
saturated when the magnet is too close to it.

Experiment 2: Accuracy of the Estimated Coordinates

In Experiment 2, we measured the difference between the
real and estimated coordinates in the area revealed in Ex-
periment 1. We printed a facsimile of that area on an A3-
sized sheet of paper overlaid with a grid spacing of 2cm.
We placed the nonelectric stylus at each intersection point
and recorded the estimated coordinates.

Figure 6 shows the results of Experiment 2. Here, the blue
points indicate the estimated coordinates. Table 1 shows
the average error of the position of the stylus and the av-
erage error ratio for each range of distance. As Table 1
shows, the longer the distance, the greater is the average
error. However, the average error ratio is nearly the same
for all the distances. This result suggests that we may be
able to obtain a smaller average error with calibration by
tracing a known line using the stylus.

Applications
We implemented two applications that employ our tech-
niques: a digit recognizer and a paint application.

Digit Recognizer

We implemented a digit recognizer, which recognizes digits
based on the coordinates of the stylus. When a user inputs
a digit using the stylus on the surface around the smart-
phone, the application recognizes the digit based on the
series of estimated coordinates.

We used machine learning (Support Vector Machine) for
recognition instead of image recognition because we want
the application to recognize digits in real-time. We cal-
culated the feature vector as follows: (1) divide the co-
ordinates of the stroke into twelve groups; (2) calculate
the coordinates of the center point C,, = (z,y,) (n =
0,---,11) for each group; and (3) calculate cos 6, (i =
1,---,10) of each 6; formed by C;_1C} and C;C; 1. We
use these cos ; as a feature vector.

Figure 7 is a screenshot of the digit recognizer. It shows a
recognized digit at the top of the screen and the estimated
coordinates at the center. The color of the background is
cyan when the stylus is within the area shown in Figure 5
and white when it is outside that area. The digit recognizer
changes the background color to inform users whether the
stylus is within the area.

Paint Application

We implemented a paint application in which users can
draw some figures. When a user inputs using the stylus
on the around surface of the smartphone, the system adds
a figure in the canvas of the application based on the esti-
mated coordinates. We implemented four kinds of figures
for drawing: rectangle, triangle, oval, and free-hand line.

Figure 8 is a screenshot of the paint application. Users can
select the desired figure to draw using the buttons on the
top of the screen. When the stylus is in the area shown in
Figure 5, a cyan frame is displayed.

Discussion

Implementation

Even if a user moves the stylus quickly, our system can esti-
mate an adequate series of coordinates for the applications.
Specifically, our algorithm can estimate the coordinates of a
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Figure 8: A screenshot of the paint
application.

stylus every 20 ms. If an application requires more coordi-
nates per unit time, the interval can be shortened depend-
ing on the specification of the smartphone.

The type of application determines the stylus to use. If an
application is unable to feed electricity to the stylus, the
nonelectric stylus should be used. Otherwise, the electric
stylus is better because this stylus can determine whether
a user is in process of writing. In our implementation, users
used the nonelectric stylus for the digit recognizer and the
electric stylus for the paint application. In the digit recog-
nizer, users must hold the stylus in the place for a while
before and after a stroke so that the recognizer can divide
coordinates into strokes. We intend to improve the function
of the software to estimate whether a user is in the process
of writing while using the nonelectric stylus. This will be ac-
complished by assessing the vibration or noise generated
when the user writes using an internal accelerometer or
microphone.

One limitation of our techniques is that if the input surface
contains a magnetic substance, our system cannot estimate
the coordinates correctly. This is because a magnetic sub-
stance diffuses magnetic field lines. Therefore, users must
use a surface that contains few or no magnetic substances
or use an area remote from a magnetic substance.

Evaluation

Although the size of the area that our algorithm can esti-
mate coordinates was sufficient to use our applications,
users sometimes require a wider surface. Generally, when
users strengthen the magnet (e.g., connecting another
magnet or feeding more current), the area in which our sys-
tem can estimate coordinates becomes wider. However, ad-
ditional magnetic substance may then exist in the expanded
input area. The inner area in which our system cannot es-

timate the coordinates becomes larger. Thus, users should
choose a suitable magnet for their environment.

The accuracy of the estimated coordinates of the stylus can
be improved by means of calibration. However, the advan-
tage of our algorithm is its ability to estimate coordinates
without calibration. Thus, the developers of an application
should determine whether they force users to calibrate the
coordinates for their application.

Application

Although the digit recognizer is not so accurate in its cur-
rent implementation (accuracy was approximately 70% in
our preliminary evaluation), it can be improved by changing
the number of stroke division or the number of training sets.
This represents our immediate future work. In addition, the
input for the digit recognizer is a single stroke. However, in-
putting characters from various languages with only a single
stroke is a challenge. Therefore, we plan to develop a char-
acter recognizer that recognizes multiple input strokes (e.g.,
image recognition).

Conclusion and Future Work

In this paper, we presented input techniques based on mag-
netism using the surface around a smartphone. We showed
nonelectric and electric techniques and implemented a sty-
lus for use with each. We also developed a coordinates-
estimation algorithm and examined two applications that
use our techniques.

For future work, we will conduct a user study to evaluate
our system, improve the electric stylus to consume less
electric power and more portable, implement other applica-
tions (e.g., character recognizer, personal identification,
pointing). We are also hope to apply our techniques to
smartwatches, because the touch input area of a smart-
watch is severely limited. One or several of our techniques
may be a powerful solution to this problem.
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