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Abstract. In this paper, we present a novel position measurement method that
makes use of a couple of plane light sources created from an IR-LED matrix
array and a photo-detector. The light sources emit light with the same
frequency, but different phases, while the optical axes of the sources are set up
orthogonally. Then, the signal place is diffused by the space with phase
differences in each position. Finally, the signal received by the photo-detector is
analyzed to determine the position.

Keywords: Motion Capture, Position Detection.

1 Introduction

With ubiquitous computing, the input and output of information for users is
performed through various interfaces. Interfaces that are optimized for the location
and circumstances of users are necessary, as well as a standardized interface. An
optimized interface facilitates the input and output of information, disperses it
effectively and offers the user the opportunity for new knowledge.

It is important in creating such an interface to ensure that the design retains basic
functionality, that is, a combination of the accepted requirements and an environment
that makes this possible, so that information appliances can be attached if necessary.
Besides, an information environment not only responds to requests received from a
user through an information terminal device, but can also detect via various sensors
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the position and actions of the user if necessary. The information given to a user is
presented by means of information terminal devices, and also a combination of
information appliances in the information environment. The presenting method
depends on the location, circumstances and requests from the user.

It is important to realize such an environment that has the technology to detect both
a user and the position of an information appliance easily in the information
environment.

Consequently, techniques have been proposed and developed to detect a user and
position, such as how to use RFID tags[1,2], how a marker is detected using image
analysis technology[3-5], how distance is measured by supersonic waves, and so on,
together with resolvers and “Polhemus”[6].

These techniques, however, have several weaknesses. For example, measurement
precision depends on measurement time, while the system architecture is complicated
as detection requires high-performance computers for analysis of images and data.
Therefore, a technique has been suggested to measure information projected in the
real world[7,8]. The measurement system is this case is simplified and easy to use.

Recently we proposed a technique that uses two plane light sources which flash on
and off continually with a fixed phase difference and the same frequency. This creates
a signal field with phase difference changes in a particular direction in the space, that
makes the detection of a position possible, when the signal is measured by a photo-
detector. Using this technique, device construction is simplified. Moreover, detection
does not depend on the frame rate as is the case in movie capture using a video
camera and position detection is continuous at high speed. The implemented system
has, however, been developed only as a proof of concept. The device construction is
complicated and cannot really be used in a ubiquitous computing environment.
Consequently, in this paper, we examine an alternative method to detect phase
difference on a computer to simplify device construction.

The paper is organized as follows. The basic concepts of the proposed technique
are explained in the next section. An implementation as proof of concept and the
results are reported in Section 3. An application of the proposed technique is
described in Section 4, while potential future problems are considered in Section 5.

2 Optical Resolver

When light from two plane light sources, with a constant phase difference and that
flickers with the same frequency, is composed in space, a signal field develops where
a phase difference changes in a specific direction.

This technique occurs as a result of the following three principles.

1. The light emitted by a plane light source irradiates a finite space and has
directionality. The photo-detector changes according to the angle between itself
and the plane light source, if the distance to the photo-detector of the received
luminance is fixed, and if the photo-detector always faces the center of the plane
light source.

2. The synthetic light is measured at the position where the light output from multiple
light sources overlaps.
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3. When two signals, with identical frequency but whose undulating phases differ, are
synthesized, a signal is obtained in which only the phase deviates in proportion to
the ratio of the strength of the two signals.

The uniaxial angle detection system developed from these principles is explained in
the next section.

2.1 Uniaxial Angle Detection System

The concept of the uniaxial angle detection system is illustrated in Fig. 1.

Plane light sources S; and S, flicker at Asin(wt) and Bcos(wt) (where A and B
denote amplitude, and @ is the modulated angular frequency). The luminance,
however, does not become negative. Then, the AC component is changed by adding a
positive offset to the sinusoid. Henceforth, only the change in this alternating current
is noticed. Similarly, the luminance of the other light source is also changed to
alternating current.
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Fig. 1. Uniaxial Angle Detector

The following are determined as depicted in Fig. 1: the origin O, X-axis, Y-axis, Z-
axis, and rotation angle 6. Luminance L, which is mesured by a photo-detector placed
in the region X,Y > 0 (Z is constant), is defined by Eq. 1.

Ls=Asin(wit)Xcos@+ Bcos(wt)Xsin0

T 1
=\VA" + B sin(wt+q) M
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Phase difference ¢ is defined as ¢ = tan” (Bsin(0) / Acos(0)). This becomes ¢ = 6,
if A = B. Angle 6, measured between the X-axis and the original direction, is equal to
the phase difference of the composite signal and the drive signal of the source of light
that is detected by the light receiving element. The wavefront develops radially at the
Z-axis center in the first quadrant of the XY plane. The proper phase difference ¢ is
measurable by the phase detection. It is possible to ensure that the sampling rate does
not depend on the modulation frequency of the light source. In addition, in practice, a
light receiving element exhibits directivity. However, the problem of directivity is
removed by the diffusion board which is installed at the front of the photo-detector
and spherical solar batteries without directivity. As a result, the directionality of the
photo-detector is not considered in Eq. 1.

2.2 Development of Uniaxial Angle Detector

A block diagram of the system produced is shown in Fig. 2.

A source of light arranged as a chip type infrared LED with wide directivity in the
array state is substituted for the plane light sources. A “CL-190IRS-X” infrared
LEDm manufactured by CITIZEN ELECTRONICS CO., LTD., was used as the
LED. The plane light source mounted in the LED array is shown in Fig. 3.

According to the basic principles given in Section 2, the light source is driven by a
sine wave. However, it is not easy to allow the luminance of an LED to be changed
accurately in the sinusoid. Furthermore, this complicates the composition of the
equipment. Thus the LED was actually made to flicker in accordance with a 1[kHz]
rectangular wave.

The higher harmonics of rectangular wave were cut off by the filter in the phase
difference detection circuit. A “TPS615” phototransistor manufactured by the Toshiba
Semiconductor Company was used as the photo-detector. This component has
directionality. The photo-detector was installed in such a way that it always faces the
direction of the intersection of the light sources in the experiment. A “CD-505R2”
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Fig. 2. System block diagram
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X

Fig. 3. PlaneLightSource

phase detector from NF Corporation. was used as a noise filter and for cutting out the
higher harmonics and elements in the phase difference detection circuit [9]. The “CD-
505R2” consists of the following: input differential amplifier, two post amplifiers,
bandpass filter, phase shifter, phase detector, and lowpass filter. It is possible to
decide the characteristics of each circuit by its resistance and the capacitor of the
outside attachment. The phase-detector uses a rectangular wave in the reference
signal, takes the inner product with the signal passed through the bandpass filter, and
finally outputs a direct current through the lowpass filter.

3 Improvements to the System

The system described in Section 2 was developed to verify the concepts of the
proposal, and uses a specialized custom-made analog circuit with masking. In
addition, an AD interface board is used to allow the measurement result to be
analyzed by a computer. These components are expensive, and the equipment itself is
bulky, making it difficult to include the system in other equipment.

A ubiquitous computing environment comprises various components of
information-processing equipment. For the proposed technique to be used in such an
environment, it needs to be incorporated in this information-processing equipment.
For this reason, it needs to be low-cost and small and should be simple to use.

On the other hand, computer performance has improved remarkably in recent
years, making it possible to carry out digital signal processing, even without the use
of specialized circuitry.

In the field of media arts, it has been proposed that the computer's audio input port
and audio interface for music creation be used instead of the AD interface board [10].

Audio interfaces provide a large number of input ports at low-cost and enable
system development using a software environment for realtime signal processing for
audio and multimedia, such as “MAX”, “PD (PureData)”, “jMax”, and so on [11-15].
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Since precision of processing is not guaranteed in these software environments,
verification is necessary.

Consequently in the simulation, we examined the accuracy of a program for phase
difference detection created in “MAX”. The results of the simulation are shown in
Fig. 4.

In the simulation, a square wave (5[Hz]) was used as the driving signal of the plane
light sources. The angle varied between zero and 90 degrees, with an interval of 10
degrees. The signal driving S; was used as the reference signal. The band pass filter
extracts signals of the basic frequency from the reference signal and the signal
measured by the photo-detector. Signals extracted using filters are segmented by
means of a flip-flop method. The difference in the starting time of the two signals is
measured and denotes the phase difference.
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Fig. 4. Simulation results. (Signal field generated in a square wave 5[Hz], and measured with
sampling rate 96k[Hz])

4 Application of the Proposed Technique

4.1 Two-Dimensional Position Detection System

Measurement in two dimensions becomes possible when the installed system is
orthogonal to the direction of the signal field formed by two plane light sources.
Multiple signal fields can coexist by using a frequency that differs for every signal
field.
Each signal field can be separated by orthogonal detection and a bandpass filter.
All angles and positions can be measured, if the phase difference is detected in
every signal field.
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4.2 Ubiquitous Computing Environment

The proposed technique can be used in an indoor ubiquitous computing environment.
Plane light sources are included in lighting equipment, while receivers are included in
information devices that comprise the ubiquitous computing environment. Then,
information devices would be able to grasp positions autonomously, if these are
within a signal field irradiated from the light source.

If combined in a information terminal for ubiquitous computing that allows a user
to feel the direction of the source of information such as CoBIT [16], not only the
perception of the user but also the terminal itself can grasp the direction of the source
of information.

5 Conclusion

Conventional implementations of the proposed position sensing technique depended
on a specialized and custom-made analog circuit module and an AD interface board.
This made it difficult for incorporation in information devices used in a ubiquitous
computing environment.

To solve these problems, an experimental phase difference detection program was
developed and validated in a simulation in which it was implemented as an audio
interface in a realtime audio/multimedia programming environment.
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