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tion of the concave reflector relative to the focusing point of
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FIG. 1
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FIG. 2
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FIG. 5
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FIG 8
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1
LIGHTING FIXTURE

BACKGROUND OF THE INVENTION

1. Technical Filed

The present invention relates to a lighting apparatus,
which is the most suitable for use mainly in a studio such as
a TV studio.

2. Description of Related Art

Conventional lighting apparatuses used in a studio such as
a TV studio employ a halogen lamp or a xenon lamp called
HID. The halogen lamp has a feature that a color tempera-
ture can be high in high efficiency as a filament heating type
light source. Particularly, the halogen lamp has a feature that
can vary the color temperature by controlling voltage or
current so as to adjust a filament temperature. However, the
halogen lamp has a disadvantage that its lifetime is short. In
particular, if the filament temperature is high so as to achieve
a high color temperature, its lifetime tends to be sharply
shortened. On the other hand, the xenon lamp has the feature
that its lifetime can be long even if its color temperature is
higher than in the case of the halogen lamp. But, since the
xenon lamp cannot adjust the intensity of its light emission
or its color temperature extensively, it has the disadvantage
that the intensity of the light emission and the color tem-
perature are constant.

Besides, neither the halogen lamp nor the xenon lamp can
quickly vary the intensity of their light emission. Since the
halogen lamp changes the light emission or the color of light
emission by varying the filament temperature, there is a
considerable delay in adjustment. The xenon lamp has
another disadvantage in that it takes a considerable period of
time for restarting of the xenon lamp after turned off.
Accordingly, the halogen lamp and the xenon lamp have a
disadvantage that they cannot be used in the case of the
applications where it is necessary to quickly change inten-
sity of light emission or color of light emission.

Therefore, the present invention has been developed to
solve the above disadvantages. It is an important object of
the present invention to provide a lighting apparatus capable
of varying both a color temperature and an intensity of light
emission extensively.

It is another significant object of the present invention to
provide a lighting apparatus capable of varying both a color
temperature and an intensity of light emission very quickly.

It is another significant object of the present invention to
provide a lighting apparatus capable of maintaining a chro-
maticity coordinates (color temperature) specified once.

It is another significant object of the present invention to
provide a lighting apparatus capable of focusing the illumi-
nation range to a very narrow spot or of scattering the light
radiation over a wide range.

It is still another significant object of the present invention
is to provide a lighting apparatus with a long lifetime and
capable of achieving simple maintenance and control.

SUMMARY OF THE INVENTION

A lighting apparatus according to the present invention
comprises a plurality of light-emitting diodes emitting red,
blue, and green light, the plurality of light-emitting diodes
emitting light beams and being arranged so as to emit the
light beams toward a focusing point; a control circuit for
controlling intensity of light emission of each of the light-
emitting diodes emitting red, blue, and green light; a con-
cave reflector reflecting and radiating the light focused from
the light-emitting diodes to the focusing point so that the
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light is further focused or scattered; and a position-changing
mechanism for changing a relative position of the concave
reflector relative to the focusing point of the light-emitting
diodes. In the lighting apparatus, the position-changing
mechanism changes a relative position of the focusing point
of' the plurality of the light-emitting diodes relative to a focal
point of the concave reflector so that the light beams from
the light-emitting diodes are focused or scattered by the
concave reflector.

A lighting apparatus according to the present invention
may comprise a plurality of light-emitting diodes emitting
red, blue, and green light. The light-emitting diodes are
operable to emit light beams and are arranged so as to emit
the light beams toward a focusing point. A control circuit is
provided for controlling the intensity of the light emission of
each of the light-emitting diodes emitting red, blue, and
green light.

A convex reflector reflects the light focused from the
light-emitting diodes, and a concave reflector reflects and
radiates the light from the light-emitting diodes that are
reflected by the convex reflector so that the light is focused
or scattered. Also, a position-changing mechanism changes
a relative position of the concave reflector relative to the
convex reflector or a relative position of the light-emitting
diodes relative to the convex reflector. This lighting appa-
ratus focuses the light beams from the light-emitting diodes
by changing the relative position of the convex reflector
relative to the concave reflector or the relative position of the
light-emitting diodes relative to the convex reflector by the
position-changing mechanism.

In the lighting apparatus according to the present inven-
tion, when the focusing point of the light-emitting diodes
may be positioned at the focal point of the concave reflector,
the concave reflector reflects the light beams from the
light-emitting diodes so as to focus the light beams.

Further, in the lighting apparatus according to the present
invention, the concave reflector may be disposed so that its
lower surface serves as a reflection surface, and the light-
emitting diodes may be arranged so as to upwardly emit the
light beams from the lower side of the concave reflector.

Further, in the lighting apparatus according to the present
invention, a conical reflector horn, an inner surface of which
reflects the light emitted from the light-emitting diodes so as
to focus the light to its tip portion, may be disposed between
the light-emitting diodes and the concave reflector, and the
conical reflector horn focuses the light emitted from the
plurality of light-emitting diodes to the focusing point.

In the lighting apparatus with the convex reflector, the
convex reflector may be disposed adjacent to the focal point
of the concave reflector, and the convex reflector reflects the
light beams from the light-emitting diodes so that the
concave reflector reflects the light beams.

Further, in the lighting apparatus with the convex reflec-
tor, the convex reflector may be disposed adjacent to the
focal point of the concave reflector, and the concave reflector
may have a center hole opening therein, and the light beams
from the light-emitting diodes pass through the center hole
in the concave reflector, and the convex reflector reflects
light beams so that the concave reflector reflects the light
beams. In this lighting apparatus, a conical reflector horn, an
inner surface of which reflects the light emitted from the
light-emitting diodes so as to focus the light to its tip portion,
may be disposed between the light-emitting diodes and the
convex reflector, and the conical reflector horn focuses the
light emitted from the plurality of light-emitting diodes so
that the convex reflector reflects the light.
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The control circuit may control the intensities of light
emissions of the light-emitting diodes emitting red, blue, and
green light so that a color temperature of the light emission
is varied.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a view schematically showing the construction
of a lighting apparatus according to one embodiment of the
present invention;

FIG. 2 is a view schematically showing the construction
of a lighting apparatus according to another embodiment of
the present invention;

FIG. 3 is a view schematically showing the construction
of a lighting apparatus according to another embodiment of
the present invention;

FIG. 4 is a view schematically showing the construction
of a lighting apparatus according to another embodiment of
the present invention;

FIG. 5 is an enlarged sectional view showing a primary
portion of the lighting apparatus shown in FIG. 4.

FIG. 6 is a graph showing temperature characteristics of
a red light-emitting diode.

FIG. 7 is a graph showing temperature characteristics of
a blue light-emitting diode.

FIG. 8 is a graph showing temperature characteristics of
a green light-emitting diode.

FIG. 9 shows a directivity of a blue or green light-emitting
diode and a directivity of a red light-emitting diode.

DETAILED DESCRIPTION OF THE
INVENTION

As shown in FIG. 1 to FIG. 4, the lighting apparatus
includes a plurality of light-emitting diodes 1 (21, 31, 41),
a concave reflector 2 (22, 32, 42), which further focuses or
scatters light beams from the light-emitting diodes 1 (21, 31,
41), a position-changing mechanism 3 (23, 33, 43) for
changing a relative position of the light-emitting diodes 1
(21, 31, 41) relative to the concave reflector 2 (22, 32, 42),
and a control circuit 4 (24, 34, 44) for changing the color of
the whole light emissions of the light-emitting diodes 1 (21,
31, 41).

The plurality of light-emitting diodes 1 (21, 31, 41) have
focusing lenses for radiating the focused light beams, and
are arranged and fixed on a base 5 (25, 35, 45) so as to
radiate the light beams toward a focusing point. The light-
emitting diodes 1 (21, 31, 41) include a plurality of red
light-emitting diodes, a plurality of blue light-emitting
diodes, and a plurality of green light-emitting diodes. The
light-emitting diodes 1 (21, 31, 41) emitting red, blue, and
green light are fixed on the base 5 (25, 35, 45). The
light-emitting diodes 1 (21, 31,41) emitting red, blue, and
green light are arranged on the base 5 (25, 35, 45), which has
a spherical shape so that the light beams are focused to the
focusing point. The light beams from the respective light-
emitting diodes 1 (21, 31, 41) are directed to the focusing
point at the center of the sphere. The numbers of the red
light-emitting diodes, blue light-emitting diodes, and green
light-emitting diodes can be specified so that the emitted
light exhibits white color in the state where rated currents are
entirely supplied. The light-emitting diodes 1 (21, 31, 41)
emitting red, blue, and green light do not always emit the
light in the same luminance, therefore, the number of
light-emitting diodes emitting the light in higher luminance
may be fewer than the number of light-emitting diodes
emitting the light in lower luminance.
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The control circuit 4 (24, 34, 44) controls the intensity of
light emission of each of the light-emitting diodes 1 (21, 31,
41) emitting red, blue, and green light so as to adjust color
of the whole light emissions and color temperature. The
light-emitting diodes 1 (21, 31, 41) vary the intensity of light
depending on the currents flowing therein. Therefore, the
control circuit 4 (24, 34, 44) controls the ratio of currents
flowing in the light-emitting diodes 1 (21, 31, 41) emitting
red, blue, and green light so as to adjust the color of the
whole light emissions and the color temperature of the
lighting apparatus. The control circuit 4 further controls the
amounts of currents flowing in the light-emitting diodes 1
(21, 31, 41) emitting red, blue, and green light so as to adjust
the luminance of the lighting apparatus.

In addition, as shown in FIG. 2, photo sensors 9 capable
of detecting the intensity of light of wavelengths corre-
sponding to red, blue, and green can be located at positions
where the they can detect the light from the light-emitting
diodes 21 emitting red, blue, and green light, and can be
connected to the control circuit 24. In the lighting apparatus
shown in FIG. 2, the photo sensors 9 are located at the
positions where they can directly detect the light from the
light-emitting diodes 21, however, the photo sensors may be
located at the positions where they can indirectly detect light
from the light-emitting diodes. In this lighting apparatus, the
photo sensors 9 detect the intensity of light of wavelengths
corresponding to red, blue, and green emitted from the
light-emitting diode 21, thus, the control circuit 24 can
control the electric power supplied to the light-emitting
diodes 21 so that the intensity of light of wavelengths
corresponding to red, blue, and green are always constant.
Additionally, the control circuit 24 can also control the
electric power supplied to the light-emitting diodes 21 so
that the ratio of intensities of light emissions of wavelengths
corresponding to red, blue, and green is constant. The
electric power supplied to the light-emitting diodes can be
controlled by the supplied currents.

In addition, the lighting apparatus can also control the
electric power supplied to the light-emitting diodes based on
temperature. This lighting apparatus includes a temperature
sensor for detecting the temperature of the light emitting
diodes. The light emitting diodes vary the intensities of the
light emissions depending on the temperature as a param-
eter, as shown in FIG. 6 to FIG. 8. In these figures, the
horizontal axis indicates temperature, and the vertical axis
indicates a relative value of intensity of the light emission of
the light emitting diode. The control circuit predicts varia-
tion such as an increase and decrease of the amount of light
emission of red, blue, and green light-emitting diodes caused
by the increased temperature, and controls the electric power
supplied to the red, blue, and green light-emitting diodes, for
example the supplied currents, in response to the variation.
Accordingly, it is possible to prevent color variation of the
whole light emissions due to the temperature.

As compared with a light-emitting diode of GaN group
commonly used for blue or green, generally, a light-emitting
diode of AllnGaP group or the like commonly used for red
has the characteristic that the efficiency of light emission
sharply decreases as the temperature rises. Thus, when the
temperature of the light-emitting diode rises, the emitted
light shifts toward the direction between blue and green
from the specified chromaticity coordinates. In order to
correct this shift, when the temperature rises, the control
circuit increases the current for the red light-emitting diodes
so as to increase the amount of the light emission, or
decreases the currents for the blue and green light-emitting
diodes. Therefore the color of the whole light emissions can















