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Abstract. The authors have developed WPS, a highly accurate indoor position
detection system that uses Wiimote (Wii Remote in US), a controller of game
machine Wii. Most of the existing local positioning systems are not feasible in
that they do not achieve enough accuracy in position detection though they require large scale devices, and so on. WPS, which only needs inexpensive
equipment and easy settings, can detect indoor local positions more accurately.
The authors used WPS to make a four-day experiment to detect indoor local positions and confirmed its practicality. It is an epoch-making system that makes
it possible to develop new approaches to educational technology such as teacher
training, special support education, sports coaching, etc.
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1. Prologue
The position detecting system at outdoor can be made as highly accurate and simple system using Global Positioning System (GPS), and there are various applications
for that purpose.
However, it is not easy to make indoor position detecting system of comparable
accuracy. Some systems are proposed, for instance, in which the position is detected
by taking pictures of the object person with a video camera and by recognizing the
face [1], the position of slippers is detected by all over the floor arranging the RFID
tags [2], etc. However, they have many problems. For example, taking face pictures
may cause some privacy issues, or the large scale special devices require big budget
and preparation. The problems are very difficult to solve.
Then, the authors developed WPS which requires only some inexpensive equipment, easy setting and simple operation. In addition, WPS is indoor position detection system suitable for dealing with privacy issue.
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2. Necessity of Indoor Position Detecting System
A few situations are conceivable in which the indoor position detecting system
should be applied.
First of all, it can help the teacher's inspection in the classroom. It is clear that the
teacher's inspection has a large influence in motivating and promoting students’ understanding in classes of the maneuver and the practice, especially. [3] However, the
teacher who teaches a class on his/her own has little chance to learn instructional
techniques from other teachers rather than technical high schools which have many
classes by team teaching. In the metropolitan area, few schools have a good proportion of expert, experienced, and younger teachers. Therefore, many educational techniques cannot be imparted to the young teachers. They can hardly learn how to do
basic and important things such as teacher's inspection. Additionally, they do not notice even the fact. Then, the authors think that it is possible to contribute to the
teacher training if we can extract the feature of the action tracks of skilled teachers
and youngers, and show the desirable behavior pattern in real time based on it.
Next, it can be applied to autism children's panic symptom detection. Autism children are not good at expressing their will have difficulty in controlling their feelings,
and fall easily into a panic. However, this panic should be evaded as much as possible, because it may damage themselves and others. Then, there is a possibility of
helping to prevent this beforehand by pursuing autism children's action tracks, and
catching the sign that takes a panic action.
And, the author expects the application of sports coaching. For instance, if the
movement of each player of volleyball or basketball is captured, analyzed in real time,
and accumulated as digital data, then trainers can give a direction to their trainees by
analyzing the data. The trainees can improve their own movement scientifically and
reasonably, too. Additionally, statistical data processing becomes possible unlike
playing back a past video.

3. Development and Experiment on Wiimote Positioning System
(WPS)

3.1. Previous Work
There is the research on the educational environment infrastructure that applied the
position detecting system by active RFID tags. [4] It is difficult to catch an exquisite
movement locus though succeeded in the improvement of the accuracy by using two
or more RFID tags.
Various applications have been used as Wiimote applicable systems. Representative examples are Finger Tracking that follows the movement of fingers, or Interactive Whiteboard which is a simple electronic white board [5] [6], the motion capture
that utilizes acceleration sensor [7], the enhancing reality system [8], etc.
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However, there was no system that covers the entire room by using two or more
Wiimotes, and detects the indoor location information of the object person accurately.
3.2. The Gist of WPS
The infrared rays photophore is installed on the object person who should be pursued, so that the infrared camera of Wiimote can catch the ray. The position in the infrared camera of Wiimote and the time are recorded on PC, and WPS maps the actual
location by comparing with the calibration data beforehand.
3.3. Hardware Components
The authors are eager to develop the indoor local positioning system of low cost
and easy use by using popular products which are not complex or expensive. Then,
they have developed the system using remote controller of game machine Wii of Nintendo (Wiimote). Wiimote has the acceleration sensor, the infrared camera, and the
Bluetooth telecommunication function, etc. [9] Only about $40 can buy a Wiimote
with these functions.
WPS requires PC with the Bluetooth telecommunication function to communicate
with Wiimote and the infrared rays photophore installed on the pursuit object person
besides Wiimote. These all hardware that WPS requires.
3.4. Contriving of Hardware

3.4.1 Wiimote Viewing Range Expansion
The viewing range of the infrared camera of Wiimote is remarkably narrow, so
Wiimote misses the object in the outskirts of the sight. Then, the authors have expanded the view angle by using the wide-angle lens. The view covers 45 degrees between the top and the bottom, and 55 degrees between right and left. (Fig.1)
They use 37mm lens named PRO DIGITAL PRECISION SUPER WIDE 0.45x AF
of ROWA JAPAN because of the enough view and the small distortion of the image.
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Fig. 1. Viewing Range Expansion with Wide-Angle Lens

3.4.2 Making to Omnidirectional and Brightness Improvement of Infrared Rays
Photophore
The authors use Infrared rays LED (Ir-LED) for the infrared rays photophore installed on the object person. However, when the direction is strayed off even a little, it
almost becomes no light though Ir-LED is strong in directivity, and emits strong infrared rays light to the front. They use the infrared rays diffusion lens to cancel this
problem.
The one that looks like a white cap is an infrared rays diffusion lens, and this is installed on Ir-LED in Fig.2.
However, this lens is insufficient the brightness of the infrared rays light because
of the absorption by the lens and widely diffusion the infrared rays light. Then, the
authors try to make enough brightness for Wiimote to catch by increasing the number
of Ir-LEDs. The rectangle 9V battery is used for this infrared rays photophore, and
they can be accommodated in the case with a minimum size in which it can be stored.
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Fig. 2. Ir Photophore and Ir Diffusion Lens

Fig. 3. Ir rays Photophore Installation

3.5. Installation and Measurement Area of Wiimote
Wiimote takes pictures from the high position showed in Fig.4. It can improve the
accuracy of tracking the object by superimposing the cover area with two or more
Wiimotes as shown in Fig.5. Of course, Wiimote is enough by even one.
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Fig. 4. Installation Situation of Wiimote

Fig. 5. Image of Area Cover with Wiimote

Wiimote can pursue the infrared rays photophore only up to the depth of about five
meters. One classroom can be covered by about six Wiimotes.
WPS requires only one PC to record if less than seven Wiimotes are used, because
Bluetooth can connect up to seven.
3.6. WPS Record/Playback Program

3.6.1 WPS Record Program
Fig.6 is a window of the WPS record program. The left display region shows the
measurement image by Wiimote, and the right displays the map in the expected area.
There are various information, the offset, the calibration, the battery power, etc. from
Wiimote on this screen, too. It is the measuring example when using only one Wiimote.
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Fig. 6. WPS Record Program

3.6.2 WPS Playback Program
Fig.7 is a window of the WPS playback program. There are time line and coordinates information, etc. Moreover, it is possible to play back at arbitrary time.
Fig.7 instantiates a measurement of the location by using three Wiimotes. The detailed data of nth Wiimote is displayed when the tab of "Wiimote n" is selected, and
the detection position is displayed in the overlay area where the calibration was done
for adjustment when "All" tab is selected. We can confirm that all points move in a
fixed group if the calibration is made precisely. (The authors have set up a loose calibration in the example of Fig.7 so that each point can be detected visually.)

8

Yoshiaki NAKANO1, Takeo TATSUMI2, Kiyoshi TAJITSU3

Here is 3 points

Fig. 7. WPS Playback Program

3.7. WPS Measurement Experiment and Result Consideration
The authors conducted the measurement experiment of WPS in the house of high
functioning autism child Mr. I from Jan. 31st to Feb. 3rd, 2009.
The authors measured two sets 24-hour continuous period and one set 16-hour period.
This time, the authors took the video recording for the sake of comparison between
the measurement of WPS and the actual movement, and they verified the accuracy of
WPS. They used two Wiimotes because the measurement area was small.
The battery did not run out even for the measurement of the 24-hour period.
Moreover, the WPS record program recorded time and the position as text characters
data every 0.2 seconds without troubles, too.
About the accuracy, which is the most important, the movement of the body was
neatly recognized even it was about several centimeters, and the operation tracks were
recorded/played back smoothly.
Unfortunately, the authors could not catch the feature abstraction as the sign of the
panic action. However, they confirmed WPS is an epoch-making system because of
the high accurate indoor position detection.
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4. Epilogue
The authors developed Wiimote Positioning System (WPS), and showed the high
accuracy and practicality. WPS is an epoch-making system because of the accuracy,
the cost, the usability, etc.
The authors expect to apply the system to a wider range of educational situations
such as a teacher education, a special support education, a sports coaching, etc. More
attempts should be made to conduct WPS-assisted instructions and to develop new
approaches to educational technology by WPS.
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