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Abstract

A novel pulse-width-modulatcd(PWM) function is in-
troduccd for precisc position measurcment in an en-
closed signal ficld. An amplitude modulation was used
to light the LEDs for the conventional study. However,
the transform propertics from the driving signal to the
lighting intcnsitics of the LEDs arc non-lincar, and accu-
rate control of the lighting power was necessary. There-
fore, a lighting function independent of these propertics
is desired. Well-known PWM functions arc used to con-
struct the cnclosed signal ficld by simulation, and the
precision of the phase detecting system is analyzed. A
novel "axial symmetry PWM” function is found to be
cffective for orthogonal phase detection.

1 Introduction

Position and attitude mcasurcment systcms, which can
be shared by multiple robots arc deseribed. The systen
is supposed to be applied to multiple automated vehicles
working together in factorics, to robots working in wide
opcen spacces, or to flight systems, ctc. We solved this
problem by using the idca of "the optical signal ficld”,
and in practice, have described some examples(t, 2, 3).
In this report, we introduced a novel signal modulating
mcthod for precise position measurement. An ampli-
tude modulation was used to light the LEDs for the
conventional study. However, the transform properties
from the driving signal to the lighting intensitics of the
LEDs arc non-lincar, and accurate control of the lighting
power was necessary. Thercfore, a lighting function in-
dependent of these propertics is desired. A well-known
PWM function of lighting LEDs was applicd to solve
this problem. The features of this technique are (1) In-
dependent of transform propertics, (2) On-off lighting
function, (3) Only time resolution is required. First,
scveral PWM functions were used to construct the cn-
closed signal ficld by simulation, and the ability of the
phasc detecting precision was analyzed. A novel "ax-
ial symmetry PWM?” function was found to be effective
for the orthogonal phasc detection. Next, this function
was uscd to construct the experimental system. The cx-
perimental results show the effectivencss of this method
cspecially for flexible measurement using this technique.

2 Construction of enclosed signal
field[1]

Consider the arrangement of the four LED-arrays as
shown in Fig. 1. LEDs-A, B, C and D arc lincar LED
arrays, and they arc located on cach lattice of a square.
The length of the lattice is 2a. Each face of the LED is
directed toward the origin (O) of the coordinates. Points
Py, P; and P arc the positions of the photo detectors.
The purpose of this measurcment is to determine the
coordinates of cach detector. Each detector is capable
of moving on a planc, which is called the sensing plane.
The size of cach detector is small cnough to be regarded
as a pinpoint, and their dircctional sensitivity is isotrop-
ically uniform in all directions. The distance between
the LED planc and the sensing planc is k.

Every LED lights according to a sinc wave with a
specific amplitude and initial phase shift, that is, their
lighting functions are as follows.

A A(t) = kacoswyt )
B : B(t) = sgsin{wt + O;) (2)
C:C(t) = ke coswat (3)
D : D(t) = kp sin(wst + O3) (4)

A spcecial signal ficld is gencrated by the superposition
of four kinds of signals in the inner space between the
LED and the scnsing plancs. This is the enclosed signal

;'scnsing plane

Fig. 1: Configuration of cnclosed signal ficld.
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