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A light distribution characteristic measurement apparatus
includes: a detecting unit for detecting light from a light
source; a mirror for reflecting the light from the light source to
direct the light to the detecting unit; a movement mechanism
for moving the detecting unit and the mirror relatively to the
light source; a rotation mechanism for rotating the mirror
while maintaining an optical path length from the light source
to the detecting unit; and a processor adapted to calculate the
light distribution characteristic of the light source, based on a
plurality of measurement results that are detected by the
detecting unit under a condition that the detecting unit and the
mirror are arranged at a plurality of measurement positions
relative to the light source and the mirror is oriented at dif-
ferent rotational angles for each measurement position.
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LIGHT DISTRIBUTION CHARACTERISTIC
MEASUREMENT APPARATUS AND LIGHT
DISTRIBUTION CHARACTERISTIC
MEASUREMENT METHOD

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a light distribution
characteristic measurement apparatus and a light distribution
characteristic measurement method for measuring the light
distribution characteristic of a light source.

[0003] 2. Description of the Background Art

[0004] The light distribution characteristic is known as one
of'the characteristics of light emitted from a light source. The
light distribution characteristic means a spatial distribution of
the luminous intensity (or luminance) of a light source. As
such a light distribution characteristic, both the absolute-
value-based light distribution and the relative-value-based
light distribution are used. The absolute-value-based light
distribution is a measurement of the spatial distribution of the
absolute value of the luminous intensity and is used in such a
case where the total luminous flux generated by a light source
is to be determined. In contrast, the relative-value-based light
distribution is a measurement of the spatial distribution of the
relative value of the luminous intensity, and is used in such a
case where the light distribution pattern is to be determined.
Generally, it is not easy to measure the light distribution
characteristic of light sources such as a light source having a
complicated light distribution pattern and a light source
whose characteristics are not known. Regarding the method
and apparatus for measuring such light distribution charac-
teristics, the following related arts are known.

[0005] Japanese Patent Laying-Open No. 62-250325 dis-
closes a light distribution measurement apparatus based on a
system in which an object to be measured is fixed, a mirror is
revolved around the object, and the light reflected from the
mirror is measured with an optical receiver.

[0006] Japanese Patent Laying-Open No. 2003-247888
discloses a light distribution measurement device including a
first rotating stage which is rotatable about a first rotational
axis, a second rotating stage which is rotatable about a second
rotational axis orthogonal to the first rotational axis and held
on the first rotational stage in such a manner that the second
rotating stage is spaced from the first rotational axis, and a
light source provided so that the center of its light emission
surface is located at the intersection of the first and second
rotational axes.

[0007] Japanese Patent Laying-Open No. 09-203691 dis-
closes a method for measuring a light distribution pattern or
the like. Specifically, a light receiving unit in which a plurality
of optical receivers are arranged linearly at predetermined
intervals is moved in front of a source of irradiation and along
the direction orthogonal to the direction along which the
optical receivers are arranged, to thereby measure the light
distribution pattern.

[0008] Japanese Patent Laying-Open No. 2001-174251
discloses a measurement apparatus including a first unit
enabling an object-to-be-measured to perform a vertical lin-
ear operation and a horizontal rotational operation, and a
second unit causing a measurement device to perform a hori-
zontal linear operation, a vertical linear operation, and a
revolving operation revolving on a plane defined by these two
directions.
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[0009] Possible light sources whose light distribution char-
acteristic is to be measured range from a small lamp like mini
light bulb to a large lamp like vehicle’s headlight. In the case
where the light distribution characteristic of a light source
having a relatively large light emission surface is to be mea-
sured, it is necessary that the distance between a detecting
unit and the light source (measurement distance) be suffi-
ciently long for the detecting unit to have its field of view
which is large enough to encompass the whole light source
therein. The above-described related arts have confronted a
problem of increased complexity and increased size of an
apparatus in the case where the apparatus is designed to
measure the light distribution characteristic of a light source
whose light emission surface is relatively large.

SUMMARY OF THE INVENTION

[0010] Thus, there has been a demand for a light distribu-
tion characteristic measurement apparatus capable of effi-
ciently measuring the light distribution characteristic of a
light source without increase in apparatus configuration as
well as a light distribution characteristic measurement
method appropriate for this apparatus.

[0011] In accordance with an embodiment of the present
invention, there is provided a light distribution characteristic
measurement apparatus for measuring a light distribution
characteristic of a light source. The light distribution charac-
teristic measurement apparatus includes: a detecting unit for
detecting light from the light source; a mirror for reflecting
the light from the light source to direct the light to the detect-
ing unit; a movement mechanism for moving the detecting
unit and the mirror relatively to the light source; a rotation
mechanism for rotating the mirror while maintaining an opti-
cal path length from the light source to the detecting unit; and
a processor adapted to calculate the light distribution charac-
teristic of the light source, based on a plurality of measure-
ment results that are detected by the detecting unit under a
condition that the detecting unit and the mirror are arranged at
a plurality of measurement positions relative to the light
source and the mirror is oriented at different rotational angles
for each measurement position.

[0012] Preferably, the rotation mechanism is adapted to
control the rotational angle of the mirror in such a manner that
afield of view ofthe detecting unit when the mirror is oriented
at a first rotational angle and a field of view of the detecting
unit when the mirror is oriented at a second rotational angle
do not overlap each other.

[0013] Preferably, the processor is adapted to calculate an
angle of view of the detecting unit with respect to the light
source, in connection with a rotational angle of the mirror.

[0014] Preferably, the light distribution characteristic mea-
surement apparatus further includes a lens for adjusting a
focal point of the detecting unit on a light emission surface of
the light source.

[0015] Preferably, the detecting unit and the mirror are
configured to be rotatable integrally with each other about a
first axis and a second axis whose intersection corresponds to
the center of the light source, and the rotation mechanism is
adapted to rotate the mirror about an axis at least parallel to
one of the first and second axes.

[0016] Preferably, the light distribution characteristic mea-
surement apparatus further includes a second mirror placed
on an optical path from the mirror to the detecting unit.
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[0017] Preferably, the detecting unit includes a plurality of
detecting surfaces arranged in accordance with a predeter-
mined rule, with respect to a rotational center of the mirror.
[0018] More preferably, the rotation mechanism is adapted
to rotate the mirror by an angle at each movement that is a half
of an angle formed by two adjacent detecting surfaces with
respect to the rotational center of the mirror.

[0019] In accordance with another embodiment of the
present invention, there is provided a light distribution char-
acteristic measurement method for measuring a light distri-
bution characteristic of a light source. The light distribution
characteristic measurement method includes the steps of:
moving a detecting unit for detecting light from the light
source and a mirror for reflecting the light from the light
source to direct the light to the detecting unit, relatively to the
light source, to arrange the detecting unit and the mirror at a
plurality of measurement positions relative to the light
source; orienting the mirror at different rotational angles for
each measurement position while maintaining an optical path
length from the light source to the detecting unit; and calcu-
lating the light distribution characteristic of the light source,
based on a plurality of measurement results detected by the
detecting unit.

[0020] Preferably, the step of rotating includes the step of
controlling the rotational angle of the mirror in such a manner
that a field of view of the detecting unit when the mirror is
oriented at a first rotational angle and a field of view of the
detecting unit when the mirror is oriented at a second rota-
tional angle do not overlap each other.

[0021] Preferably, the step of calculating includes the step
of calculating an angle of view of the detecting unit with
respect to the light source, in connection with a rotational
angle of the mirror.

[0022] Preferably, the detecting unit and the mirror are
configured to be rotatable integrally with each other about a
first axis and a second axis whose intersection corresponds to
the center of the light source, and the step of rotating includes
the step of rotating the mirror about an axis at least parallel to
one of the first and second axes.

[0023] Preferably, the detecting unit includes a plurality of
detecting surfaces arranged in accordance with a predeter-
mined rule, with respect to a rotational center of the mirror.
[0024] More preferably, the step of rotating includes the
step of rotating the mirror by an angle at each movement that
is a half of an angle formed by two adjacent detecting surfaces
with respect to the rotational center of the mirror.

[0025] The foregoing and other objects, features, aspects
and advantages of the present invention will become more
apparent from the following detailed description of the
present invention when taken in conjunction with the accom-
panying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] FIG. 1 is a schematic diagram showing an overall
configuration of a light distribution characteristic measure-
ment apparatus in an embodiment.

[0027] FIG.2 is a schematic diagram showing an electrical
configuration of the light distribution characteristic measure-
ment apparatus in the present embodiment.

[0028] FIG. 3 is a schematic diagram showing an internal
configuration of a computer shown in FIG. 2.

[0029] FIG. 4 is a diagram for explaining an imaging range
and a measurement distance of the light distribution charac-
teristic measurement apparatus in the present embodiment.
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[0030] FIGS. 5A and 5B are schematic diagrams for
explaining how an optical system of the light distribution
characteristic measurement apparatus in the present embodi-
ment is different.

[0031] FIG. 6 is a schematic diagram for explaining how
the role of a rotational plane mirror of the light distribution
characteristic measurement apparatus in the present embodi-
ment is different.

[0032] FIG. 7 is a schematic diagram showing a configura-
tion where a line sensor is used as a detecting unit of the light
distribution characteristic measurement apparatus in the
present embodiment.

[0033] FIGS. 8A and 8B are diagrams for explaining a
method for calculating an angle of view in the configuration
where the line sensor is used as the detecting unit of the light
distribution characteristic measurement apparatus in the
present embodiment.

[0034] FIG. 9is a schematic diagram showing a configura-
tion where an area sensor is used as the detecting unit of the
light distribution characteristic measurement apparatus in the
present embodiment.

[0035] FIGS. 10A and 10B are schematic diagrams for
explaining a method for calculating an angle of view in the
configuration where the area sensor is used as the detecting
unit of the light distribution characteristic measurement appa-
ratus in the present embodiment.

[0036] FIG. 11 is a diagram for explaining a procedure for
calculating an X coordinate value in the case where the area
sensor is used as the detecting unit of the light distribution
characteristic measurement apparatus in the present embodi-
ment.

[0037] FIG. 12 is a diagram for explaining a procedure for
calculating an X coordinate value in the case where the area
sensor is used as the detecting unit of the light distribution
characteristic measurement apparatus in the present embodi-
ment.

[0038] FIG. 13 is a flowchart illustrating an overall proce-
dure of a process for measurement of the light distribution
characteristic using the light distribution characteristic mea-
surement apparatus in the present embodiment.

[0039] FIG. 14 is a flowchart showing another overall pro-
cedure of a process for measurement of the light distribution
characteristic using the light distribution characteristic mea-
surement apparatus in the present embodiment.

[0040] FIG. 15 is a flowchart showing a process procedure
for a data storage process shown in step S8 of FIGS. 13 and
14.

[0041] FIG. 16 is a diagram for explaining a process of
selecting an observation point in an imaging range shown in
FIG. 15 and a process of acquiring a measurement value.
[0042] FIGS. 17A and 17B are diagrams for explaining a
process of calculating measurement-space coordinate values
shown in FIG. 15.

[0043] FIGS. 18A and 18B are diagrams for explaining a
process of calculating a measurement angle shown in FIG. 15.
[0044] FIG. 19 is a diagram for explaining a process of
calculating a measurement angle shown in FIG. 15.

[0045] FIG. 20 is a diagram for explaining a process of
calculating measurement imaging coordinate values shown
in FIG. 15.

[0046] FIGS.21A,21B, and 22 are diagrams for explaining
aprocess of acquiring and a process of storing a measurement
value shown FIG. 15.
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[0047] FIG. 23 is a flowchart showing a process procedure
for an illuminance calculation process shown in step S11 of
FIGS. 13 and 14.

[0048] FIGS. 24A and 24B are diagrams for explaining a
process of determining an illuminance-calculated position
shown in FIG. 23.

[0049] FIG. 25 is a diagram for explaining a process of
calculating an angle of view of an observation point relative to
the illuminance-calculated position shown in FIG. 23.
[0050] FIG. 26 is a diagram for explaining a process of
searching for the luminance at the angle of view shown in
FIG. 23.

[0051] FIGS. 27A and 27B are diagrams for explaining a
process of calculating the luminance at an observation point
shown in FIG. 23.

[0052] FIG. 28 is a diagram for explaining a process of
adding the luminous intensity to illuminance storage data
shown in FIG. 23.

[0053] FIG. 29 is a schematic diagram showing main com-
ponents of a light distribution characteristic measurement
apparatus in a modification of the present embodiment.
[0054] FIG. 30 is a diagram showing an example arrange-
ment of detecting units in the light distribution characteristic
measurement apparatus in the modification of the present
embodiment.

[0055] FIG. 31 is a diagram for explaining how an imaging
range changes when a rotational plane mirror is oriented at the
example arrangement shown in FIG. 30.

[0056] FIG. 32 is a diagram for explaining an example
configuration where the chromaticity is calculated by means
of a light distribution characteristic measurement apparatus
in a modification of the present embodiment.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0057] An embodiment of the present invention will be
described in detail with reference to the drawings. In the
drawings, the same or corresponding components are denoted
by the same reference characters, and a description thereof
will not be repeated.

[0058] In connection with the present embodiment, a light
distribution characteristic measurement apparatus for mea-
suring the light distribution characteristic (typically lumi-
nance distribution characteristic) of a sample light source
(hereinafter also referred to simply as “light source) will
chiefly be illustrated by way of example. It should be noted
that the light distribution characteristic measurement appara-
tus in the present embodiment is capable of measuring not
only the mere light distribution characteristic but also a vari-
ety of optical characteristics, which are calculated from the
light distribution characteristic, such as light source’s chro-
maticity and wavelength information as well as the total lumi-
nous flux emitted from the light source. The light distribution
characteristic measurement apparatus in the present embodi-
ment is applicable for example to measurement of the light
distribution characteristic of a lighting device, illuminance
test on a lamp, measurement of the viewing angle character-
istic of a display, and the like.

A. Apparatus Configuration of Light Distribution
Characteristic Measurement Apparatus

[0059] First, an apparatus configuration of a light distribu-
tion characteristic measurement apparatus in the present
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embodiment will be described. The light distribution charac-
teristic measurement apparatus in the present embodiment
chiefly measures the near-field light distribution characteris-
tic of a light source. As will be described later herein, the
near-field light distribution characteristic indicates in which
direction and with which intensity light is emitted from each
position on a light emission surface of a light source.

[0060] FIG. 1 is a schematic diagram showing an overall
configuration of light distribution characteristic measurement
apparatus 1 in the present embodiment. Referring to FIG. 1,
light distribution characteristic measurement apparatus 1 has
agoniometer capable of revolving around a light source 10, or
a mechanism of a similar kind. Specifically, light distribution
characteristic measurement apparatus 1 includes an [.-shaped
base 2 arranged rotatably about an X axis, and a support 3
coupled to one side of base 2 and arranged rotatably about a
Y axis which is orthogonal to the X axis. Light source 10 is
arranged so that its center is located at the intersection of the
X axis and the Y axis.

[0061] On support 3, a detecting unit 8 for detecting light
from light source 10 is placed. On a light-incidence side of
detecting unit 8, a lens 7 is placed. On support 3, a rotational
plane mirror 5 is further placed through an arm 4. Rotational
plane mirror 5 reflects (folds back) the light emitted from light
source 10 to direct the light to detecting unit 8. Rotational
plane mirror 5 is configured to be rotatable about a point on
arm 4 while maintaining the optical path length from light
source 10 to detecting unit 8. Namely, rotational plane mirror
5 is arranged rotatably within a predetermined angular range
about an axis that is parallel to the X axis and/or the Y axis.
Rotational plane mirror 5 can rotate to thereby change the
field of view of detecting unit 8.

[0062] Although the light emitted from light source 10 may
be reflected by rotational plane mirror 5 so that the light is
guided directly to detecting unit 8, the configuration shown in
FIG. 1 includes a stationary plane mirror 6 (second mirror)
placed on the optical path from rotational plane mirror 5 to
detecting unit 8. Use of stationary plane mirror 6 enables
detecting unit 8 to be placed along the longitudinal direction
of support 3 and accordingly enables the apparatus to further
be downsized. In addition, the light from light source 10 can
be reflected by each of rotational plane mirror 5 and stationary
plane mirror 6 to thereby make the light unpolarized that is to
enter detecting unit 8.

[0063] In light distribution characteristic measurement
apparatus 1, base 2 rotates about the X axis and support 3
rotates about the Y axis, and accordingly detecting unit 8 and
rotational plane mirror 5 placed on arm 4 move relatively to
light source 10. Namely, detecting unit 8 and rotational plane
mirror 5 are configured to be rotatable integrally with each
other about the X axis (first axis) and the Y axis (second axis)
whose intersection corresponds to the center of light source
10. Stationary plane mirror 6 rotates about an axis at least
parallel to one of the X axis (first axis) and the Y axis (second
axis). Regarding a typical embodiment described below, a
configuration where stationary plane mirror 6 rotates about an
axis parallel to the Y axis will be illustrated.

[0064] Light distribution characteristic measurement appa-
ratus 1 further includes an X-axis motor 11 for rotating base
2 about the X axis and a Y-axis motor 12 for rotating support
3 about the Y axis. Namely, X-axis motor 11 for rotating base
2 about the X axis, Y-axis motor 12 for rotating support 3
about the Y axis, and a computer (described later herein)
controlling these motors correspond to a movement mecha-



US 2014/0055779 Al

nism for causing detecting unit 8 and rotational plane mirror
5 to move relatively to light source 10.

[0065] This movement mechanism is used to set detecting
unit 8 and rotational plane mirror 5 at a plurality of measure-
ment positions with respect to light source 10. Detecting unit
8 and rotational plane mirror 5 are thus arranged at a plurality
of measurement positions so that the surface luminances (il-
luminances) of light source 10 as viewed at different angles of
incidence respectively are measured.

[0066] Light distribution characteristic measurement appa-
ratus 1 further includes a rotational-mirror motor 13 for rotat-
ing rotational plane mirror 5 about an axis that is parallel to
the X axis and/or the Y axis. Namely, rotational-mirror motor
13 and a computer (described later herein) controlling rota-
tional-mirror motor 13 correspond to a rotation mechanism
for rotating rotational plane mirror 5 while keeping the optical
path length from light source 10 to detecting unit 8. For each
measurement position, light distribution characteristic mea-
surement apparatus 1 orients rotational plane mirror 5 by
different rotational angles to thereby obtain a plurality of
measurement results. These measurement results are
obtained respectively from different fields of view of detect-
ing unit 8 with respect to light source 10. Namely, the rotation
mechanism controls the rotational angle of rotational plane
mirror 5 in such a manner that a field of view of detecting unit
8 when rotational plane mirror 5 is oriented at a certain
rotational angle (first rotational angle) and a field of view of
detecting unit 8 when rotational plane mirror 5 is oriented at
a subsequent rotational angle (second rotational angle) do not
overlap each other.

[0067] Based on these plurality of measurement results
obtained from each measurement position, light distribution
characteristic measurement apparatus 1 calculates the light
distribution characteristic of light source 10. This calculation
is implemented by a computer functioning as a processor.
Namely, detecting unit 8 and rotational plane mirror 5 are
arranged at a plurality of measurement positions with respect
to light source 10 and, for each measurement position, rota-
tional plane mirror 5 is oriented at different angles. Accord-
ingly, a plurality of measurement results are detected by
detecting unit 8. Based on these results, the computer calcu-
lates the light distribution characteristic of light source 10.
[0068] Detecting unit 8 may be any of a point sensor, a
one-dimensional sensor, and a two-dimensional sensor. As
the point sensor, typically a photodetector such as diode is
used. As the one-dimensional sensor, typically a line sensor
having a plurality of linearly-arranged photodetectors, or the
like is used. As the two-dimensional sensor, typically an area
sensor such as CCD (Charge Coupled Device) image sensor
or CMOS (Complementary Metal Oxide Semiconductor)
image sensor is used. As will be described later herein,
depending on the type of detecting unit 8 (namely the size of
its detecting surface), the rotational amount or the like of
rotational plane mirror 5 is optimized.

B. Electrical Configuration of Light Distribution
Characteristic Measurement Apparatus 1

[0069] Next, an electrical configuration of light distribution
characteristic measurement apparatus 1 in the present
embodiment will be described.

[0070] <<bl: Electrical Configuration of Whole Light Dis-
tribution Characteristic Measurement Apparatus 1>>

[0071] FIG. 2 is a schematic diagram showing an electrical
configuration of light distribution characteristic measurement
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apparatus 1 in the present embodiment. Referring to FIG. 2,
light distribution characteristic measurement apparatus 1
includes a computer 100 and a trigger device 110, in addition
to X-axis motor 11, Y-axis motor 12, rotational-mirror motor
13, and detecting unit 8.

[0072] Computer 100 has a capability of controlling the
movement mechanism of light distribution characteristic
measurement apparatus 1 as well as a capability of processing
image data obtained through imaging by detecting unit 8.
Trigger device 110 manages the timing of imaging by detect-
ing unit 8, in accordance with the position of detecting unit 8
and rotational plane mirror 5 relative to light source 10 as well
as the rotational angle of rotational plane mirror 5. Although
the capability offered by trigger device 110 may be incorpo-
rated in computer 100, it is preferable to arrange trigger
device 110 including a dedicated hardware circuit, separately
from computer 100, in order to more accurately control the
imaging timing (imaging position).

[0073] More specifically, computer 100 transmits driving
commands to X-axis motor 11, Y-axis motor 12, and rota-
tional-mirror motor 13, respectively. These driving com-
mands include instructions about the speed of movement
and/or the target position, to X-axis motor 11, Y-axis motor
12, and rotational-mirror motor 13. Computer 100 transmits
the driving command at each timing at which transmission
should be started. Receiving the driving command, X-axis
motor 11, Y-axis motor 12, and rotational-mirror motor 13
each start moving. X-axis motor 11, Y-axis motor 12, and
rotational-mirror motor 13 output, to trigger device 110,
respective motor drive pulses indicating respective amounts
of rotation.

[0074] Trigger device 110 divides the received motor drive
pulses by a predetermined number to calculate the current
positions (angles) on the X axis and the Y axis, as well as the
rotational angle of rotational plane mirror 5. Trigger device
110 outputs to detecting unit 8 a trigger pulse for instructing
imaging, at angular intervals corresponding to predetermined
observation points, namely points which are observed.

[0075] Receiving the trigger pulse from trigger device 110,
detecting unit 8 performs imaging and outputs image data
obtained through the imaging to computer 100. Each time
detecting unit 8 receives the trigger pulse from trigger device
110, detecting unit 8 repeats imaging and transmission of the
image data. Based on the order in which the image data are
input, computer 100 identifies the measurement position
(space coordinates and rotational angle) of each image data.
Then, computer 100 processes the obtained image data in a
manner described later herein, to calculate the light distribu-
tion characteristic of light source 10.

[0076] The electrical configuration as shown in FIG. 2 is
employed to thereby avoid increase of the load involved in the
control of the imaging timing by computer 100 even if a
plurality of detecting units 8 are arranged, and therefore, there
is less restriction on the number of detecting units 8 to be
installed.

[0077] <<b2: Electrical Configuration of Computer 100>>

[0078] FIG. 3 is a schematic diagram showing an internal
configuration of computer 100 shown in FIG. 2. Computer
100 is typically configured of a general-purpose personal
computer. More specifically, referring to FIG. 3, computer
100 includes a CPU (Central Processing Unit) 101, a main
memory 102, an HDD (Hard Disk Drive) 103, a communica-
tion interface (I/F) 104, a display 105, and an input unit 106.
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These components are connected to each other via a bus 107
so that they can communicate with each other.

[0079] CPU 101 is a processor which executes a program
stored in HDD 103 for example to thereby implement capa-
bilities of the present embodiment. Main memory 102 pro-
vides a working area necessary for CPU 101 to execute the
program. In this working area, temporary data necessary for
execution of the program and image data to be processed, for
example, are stored. HDD 103 stores in a non-volatile manner
a program executed by CPU 101 and parameters necessary
for execution of processing, for example. In HDD 103, the
program executed by CPU 101 is installed in advance. For
installation of the program, a variety of methods may be
employed. For example, a method according to which a pro-
gram stored in any of a variety of recording media such as
CD-ROM (Compact Disk-Read Only Memory) or DVD
(Digital Versatile Disk) is read by an associated device and
stored in HDD 103, or a method according to which the
program is downloaded via a network, for example, may be
employed.

[0080] Communication interface 104 communicates data
with other devices. Specifically, communication interface
104 outputs the driving commands to the motors and receives
image data obtained through imaging by detecting unit 8.
[0081] Display 105 displays the image data obtained by
imaging as well as the results of measurement. Specifically,
display 105 is configured of an LCD (Liquid Crystal Display)
or CRT (Cathode Ray Tube), for example. Input unit 106
accepts operation by a user. Specifically, input unit 106 is
configured of a mouse and/or keyboard, for example. To
computer 100, another output device such as printer may be
connected as required.

[0082] A variety of capabilities of the present embodiment
may be implemented entirely or partially by means of a dedi-
cated processor or IC (Integrated Circuit), for example,
instead of implemented by being provided through execution
of'a program by CPU 101. Instead, it may be implemented by
means of a dedicated LSI (Large Scale Integration).

C. Advantages of Light Distribution Characteristic
Measurement Apparatus

[0083] As shown in FIG. 1, light distribution characteristic
measurement apparatus 1 in the present embodiment uses one
or more than one mirror to fold back the optical path from
light source 10, and thereby measure the light distribution
characteristic of the light source whose light emission surface
is relatively large, while the apparatus is kept compact in size.
Namely, even in the case of a short distance to light source 10
from the rotational axis (central axis) of support 3 of light
distribution characteristic measurement apparatus 1, light
source 10 having a large light emission surface can still be
imaged by detecting unit 8.

[0084] While detecting unit 8 is a relatively heavy compo-
nent, detecting unit 8 is placed in the vicinity of the rotational
axis of support 3 as shown in FIG. 1, so that the axis about
which detecting unit 8 is rotationally driven can be prevented
from being excessively loaded. Moreover, the structure of
support 3 itself can be simplified and therefore the power
required for rotatably driving support 3 can be made smaller.
[0085] For light distribution characteristic measurement
apparatus 1 shown in FIG. 1, two mirrors can be used to make
the light unpolarized that is to be input from light source 10 to
detecting unit 8. As described above, stationary plane mirror
6 arranged to precede detecting unit 8 may be dispensed with
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so that the light reflected from rotational plane mirror 5
directly enters detecting unit 8. Alternatively, a greater num-
ber of mirrors may be used to direct the light from light source
10 to detecting unit 8.

[0086] FIG. 4 is a diagram for explaining an imaging range
and a measurement distance of light distribution characteris-
tic measurement apparatus 1 in the present embodiment. For
the sake of convenience of explanation, FIG. 4 shows a con-
figuration in which the light reflected from rotational plane
mirror 5 directly enters detecting unit 8. In addition, lens 7 is
not shown.

[0087] Referring to FIG. 4, rotational plane mirror 5 posi-
tioned opposite to light source 10 directs the light emitted
from light source 10 to detecting unit 8. Namely, through the
use of rotational plane mirror 5, an optical system is config-
ured as if detecting unit 8 captures a virtual image 10' corre-
sponding to light source 10.

[0088] The configuration of light distribution characteristic
measurement apparatus 1 in the present embodiment can be
employed to lessen the load on the drive axis about which
support 3 is rotationally driven, which accordingly makes it
easier to arrange a plurality of detecting units 8 on support 3.
[0089] Since the optical system is thus configured as if
detecting unit 8 captures a virtual image 10', the substantial
measurement distance can be kept relatively long even when
the radius of rotation of support 3 is reduced. In other words,
if the method “mirror is used to fold back the optical path” in
the present embodiment is not employed, it is necessary, for
maintaining the same measurement distance, to place light
source 10 at the position of virtual image 10' shown in FIG. 4
and, accordingly, in terms of the apparatus as a whole, a
length of approximately twice the length of light distribution
characteristic measurement apparatus 1 in the present
embodiment is necessary. Namely, the method “mirror is
used to fold back the optical path” in the present embodiment
can be employed to ensure a measurement distance (the dis-
tance from light source 10 to detecting unit 8) which is
approximately twice as large as the radius of rotation of
support 3. Moreover, since the imaging range is proportional
to the measurement distance, a doubled measurement dis-
tance enables a doubled imaging range (doublex
double=quadruple in the case of area) to be ensured.

[0090] Light distribution characteristic measurement appa-
ratus 1 in the present embodiment has an expanded imaging
range by rotating rotational plane mirror 5 about an axis that
is parallel to the X axis and/or the Y axis. Namely, since the
rotational angle of rotational plane mirror 5 and the imaging
range are relevant to each other, light distribution character-
istic measurement apparatus 1 controls the rotational angle of
rotational plane mirror 5 and meanwhile calculates the light
distribution characteristic of light source 10 by processing
image data obtained through imaging at each rotational angle,
in connection with the relevant rotational angle.

[0091] Even when a line sensor is used instead of the area
sensor as detecting unit 8, a two-dimensional image similar to
that obtained by means of the area sensor can still be obtained
by imaging the light source while rotating rotational plane
mirror 5.

[0092] Thus, rotational plane mirror 5 is placed at the lead-
ing end of arm 4 of the goniometer and detecting unit 8 is
placed near the rotational axis of arm 4 to thereby ensure a
sufficient distance between rotational plane mirror 5 and
detecting unit 8 and reduce the size and weight of the whole
apparatus.
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D. Difference in Optical System of Light
Distribution Characteristic Measurement Apparatus

[0093] Next, for the sake of deepening understanding of
light distribution characteristic measurement apparatus 1 in
the present embodiment, a description will be given of how
the optical system thereof is different from that of a light
distribution characteristic measurement apparatus using an
illuminometer. FIGS. 5A and 5B are schematic diagrams for
explaining how the optical system of light distribution char-
acteristic measurement apparatus 1 in the present embodi-
ment is different.

[0094] <<dl: Far-Field Light Distribution Characteristic:
Method Using [lluminometer>>

[0095] In the case where an illuminometer is used, the
far-field light distribution characteristic is to be measured. In
this case, as shown in FIG. 5A, the illuminometer directly
receives the light emitted from a light emission surface of a
light source to thereby measure the illuminance of the light
source. Through this measurement of the illuminance, the
intensity of the light received at the light receiving surface of
the illuminometer is measured. If the light radiated from the
light source to be measured is diverging light, an increased
distance between the illuminometer and the light source
results in darker light received by the illuminometer. More-
over, the directivity (photoreceiving sensitivity characteris-
tic) at the illuminometer is not controlled, and therefore, the
light radiated from the light source is entirely received by the
illuminometer as long as no shield is present.

[0096] <<d2: Near-Field Light Distribution Characteristic:
Measurement of Luminance>>

[0097] In contrast, light distribution characteristic mea-
surement apparatus 1 in the present embodiment is config-
ured to measure the near-field light distribution characteristic.
In this case, as shown in FIG. 5B, a lens is used to control the
directivity at the detecting unit. Namely, the light emitted
from the light source is concentrated by the lens and then
enters the detecting unit. This means that the detecting unit is
focused on the light emission surface of the light source and
accordingly the detecting unit captures an image of the light
emission surface of the light source. In other words, with the
directivity at the detecting unit controlled by the lens, the
brightness of the light emission surface of the light source is
measured, which means that the luminance of the light source
is measured. Light distribution characteristic measurement
apparatus 1 thus includes the lens for adjusting a focal point of
the detecting unit on the light emission surface of the light
source.

[0098] Thus, the light at a certain solid angle is captured
with the directivity controlled by the lens. Even if the light
radiated from the light source to be measured is diverging
light, an increased distance between the detecting unit and the
light source does not result in darker light received by the
detecting unit, which is different from the above described
measurement of the illuminance.

[0099] Namely, in contrast to the light distribution charac-
teristic measurement apparatus using the illuminometer as
shown in FIG. 5A which receives the light radiated from the
whole light source toward the illuminometer, the light distri-
bution characteristic measurement apparatus using the lens as
shown in FIG. 5B measures the surface luminance of the light
source at a specific angle and a specific solid angle and the
light captured by the detecting unit has directivity. Accord-
ingly, it can be measured in which direction and with which
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intensity the light is emitted from each position on the light
emission surface of the light source.

E. Difference in Rotational Plane Mirror of Light
Distribution Characteristic Measurement Apparatus

[0100] Next, for the sake of deepening understanding of
light distribution characteristic measurement apparatus 1 in
the present embodiment, a description will be given of how
the role of the rotational plane mirror thereof'is different from
that of a light distribution characteristic measurement appa-
ratus using an illuminometer. FIG. 6 is a schematic diagram
for explaining how the role of the rotational plane mirror of
light distribution characteristic measurement apparatus 1 in
the present embodiment is different.

[0101] <<el: Far-Field Light Distribution Characteristic:
Method Using Illuminometer>>

[0102] Inthecase where the light distribution characteristic
is measured with an illuminometer, it is necessary for mea-
surement to place a detecting unit at a distance from which a
light source to be measured can be perceived as a point. Thus,
a detecting unit 8-1 as shown in FIG. 6 for example is used.
Here, it is supposed that the method “mirror is used to fold
back the optical path” like that for light distribution charac-
teristic measurement apparatus 1 in the present embodiment
is employed. Then, a rotational plane mirror 5-1 as shown in
FIG. 6 is used and a detecting unit 8-3 is placed instead of
detecting unit 8-1. As described above, the light emitted from
the light source has to enter the detecting unit. Therefore, in
the case where a mirror is used to fold back the optical path,
it is necessary to use rotational plane mirror 5-1 which is sized
enough to include a range (imaging range) of light which can
be received by detecting unit 8-1 (or detecting unit 8-3), and
thereby fold back the optical path. In other words, if rotational
plane mirror 5-1 is sized smaller than the range of light which
can be received by detecting unit 8-1, a part of the light
emitted from the light source will not enter the detecting unit,
and therefore, the illuminance of the light source cannot
accurately be measured.

[0103] <<e2: Near-Field Light Distribution Characteristic:
Measurement of Luminance>>

[0104] In contrast, in the case where the luminance of the
light source is measured to thereby calculate the light distri-
bution characteristic, it is unnecessary for measurement to
place a detecting unit at a distance from which a light source
to be measured can be perceived as a point, which is different
from the case where an illuminometer is used to measure the
light distribution characteristic. Rather, the characteristics of
a lens can appropriately be set to perform measurement with
detecting unit 8-1 placed at a distance .2 from which the
whole of the light source can be measured (namely the dis-
tance from which the whole light source can be imaged).
Here, it is supposed that the method “mirror is used to fold
back the optical path” is employed. Then, it is necessary to use
rotational plane mirror 5-1 which is sized enough to include
the picture angle between detecting unit 8-1 and the whole of
the light source, and thereby fold back the optical path.

[0105] It should be noted that, in the case where the lumi-
nance is measured, in contrast to the case where the illumi-
nance is measured as described above, the characteristics of
the lens to be used can be changed to thereby change the
picture angle between detecting unit 8-1 and the whole light
source, namely the range of light to be reflected by the rota-
tional plane mirror. Therefore, it is also possible to have a
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shortened distance between the mirror and a detecting unit
8-2 and accordingly downsize rotational plane mirror 5.
[0106] Namely, the light distribution characteristic mea-
surement apparatus using the illuminometer as shown in FIG.
5A has to measure the whole of the light emitted from the
light source, and therefore, rotational plane mirror 5 cannot
be sized smaller than the size corresponding to the picture
angle between the light source and the detecting unit (for
example, a large mirror like rotational plane mirror 5-1 shown
in FIG. 6 is necessary). In contrast, the light distribution
characteristic measurement apparatus using the lens as shown
in FIG. 5B can employ a smaller rotational plane mirror 5-2.
In this case, rotational plane mirror 5-2 can be rotated and
measurement of a part of the light source can be repeated to
thereby measure the luminance of the whole light source.
[0107] Inthe present embodiment, the rotational plane mir-
ror can be rotated vertically and horizontally to thereby
expand the imaging range.

F. Method for Measuring Surface Luminance of
Light Source

[0108] Next, detecting unit 8 and rotational plane mirror 5
for measuring the surface luminance of light source 10 will be
described.

[0109] <<f1: Type of Detecting Unit>>

[0110] Detecting unit 8 of light distribution characteristic
measurement apparatus 1 in the present embodiment may be
any of point sensor, line sensor, and area sensor. For such a
sensor, lens 7 is used to control the solid angle of measure-
ment so that its focal point is adjusted on the light emission
surface of light source 10, and then measurement is per-
formed.

[0111] In the case where the light emission surface of light
source 10 is large, the point sensor cannot be used to obtain,
at a time, the overall information about the surface luminance
of the light source, and therefore, detecting unit 8 (point
sensor) is moved to expand the imaging range.

[0112] As for the line sensor, like the point sensor, lens 7
can also be used to obtain a linear image (information about
the luminance) representing the surface luminance of light
source 10. If the light emission surface of light source 10 is
large, detecting unit 8 (line sensor) and/or rotational plane
mirror 5 is moved to expand the imaging range.

[0113] As for the area sensor as well, like the point sensor
and the line sensor, lens 7 can be used to obtain image data
(information about the luminance) representing the surface
luminance of light source 10. If the light emission surface of
light source 10 is large, an image (information about the
luminance) representing the surface luminance of light
source 10 can be obtained through the use of a method such as
(1) a lens of a wider angle is used to shorten the focal length
and accordingly a greater range is imaged (namely the posi-
tional relation between detecting unit 8 and lens 7 is
changed), (2) the distance from light source 10 to detecting
unit 8 is changed (namely, with the positional relation
between detecting unit 8 and lens 7 maintained, only the
distance between light source 10 and detecting unit 8 is
changed), and (3) detecting unit 8 is moved (namely, with the
positional relation between detecting unit 8 and lens 7 main-
tained, the direction and/or the position of lens 7 with respect
to detecting unit 8 is changed).

[0114] <<f2: Measurement of Surface Luminance with
Line Sensor>>
[0115] First, a method using a line sensor for measuring the

surface luminance of light source 10 will be described. It is
supposed that the line sensor whose solid angle of measure-
ment is controlled by lens 7 is used as detecting unit 8 shown
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in FIG. 1. The light emitted from light source 10 is folded
back by rotational plane mirror 5 to enter detecting unit 8.
When the measurement is performed, rotational plane mirror
5 is rotated to expand the imaging range of detecting unit 8.

[0116] FIG. 7 is a schematic diagram showing a configura-
tion where the line sensor is used as detecting unit 8 of light
distribution characteristic measurement apparatus 1 in the
present embodiment. Referring to FIG. 7, a description will
be given of a relation between rotational plane mirror 5 and
light source 10 which is an object to be imaged, in the case
where the line sensor is used as detecting unit 8. The vertical
angle of view is determined by the distance from lens 7 to the
object as well as the observation point, in the vertical direc-
tion, of the object to be measured. The horizontal angle of
view is determined by the rotational angle of rotational plane
mirror 5. In the case where the image of the object is succes-
sively captured by the line sensor, it is necessary to image the
object while moving rotational plane mirror 5 by a relatively
small angle at a time. It should be noted that if rotational plane
mirror 5 is oriented at an angle equal to or smaller than the
imaging width which can be captured by the vertical width of
the line sensor, captured images of the object will overlap
each other. The rotational angle of rotational plane mirror 5 is
set so that such overlapping images will not be captured.

[0117] In this way, the line sensor and rotational plane
mirror 5 can be used to obtain a two-dimensional image of the
object, similarly to the case where the area sensor is used.

[0118] Next, a description will be given of methods for
calculating the angle of view and the space coordinates in the
case where the line sensor and rotational plane mirror 5 are
used.

[0119] FIGS. 8A and 8B are diagrams for explaining a
method for calculating the angle of view in the configuration
where the line sensor is used as detecting unit 8 of light
distribution characteristic measurement apparatus 1 in the
present embodiment. FIG. 8A shows a cross-sectional view
along a Y-Z plane and FIG. 8B shows a cross-sectional view
along an X-Z plane. For the sake of convenience of the
description, lens 7 to be placed on the light incidence side of
detecting unit 8 is not shown, which is the same for other
drawings.

[0120] Inorder to calculate the light distribution character-
istic from a two-dimensional image, it is necessary to calcu-
late the angle of view at an imaging position. For a surface of
the object to be imaged (hereinafter also referred to as “sur-
face to be imaged”), the horizontal axis and the vertical axis
are defined respectively as X axis and Y axis as shown in FIG.
7, and respective angles of view with respect to these axes are
represented by o and P, respectively.

[0121] Angle of view a is proportional to the rotational
angle of rotational plane mirror 5, and angle of view f is a
certain value depending on the length of the detecting unit of
the line sensor. Specifically, angle of view a is twice as large
as the rotational angle 6 of rotational plane mirror 5 (a=260).
[0122] Regarding the space coordinates of an observation
point, the Y-axis coordinate value is represented by H and the
X-axis coordinate value is represented by W. Since the picture
angle of detecting unit 8 is constant, coordinate value H can
be calculated from a captured image, based on the informa-
tion about this picture angle.

[0123] In contrast, coordinate value W is: W=R-tan(20)
where R is the distance from rotational plane mirror 5 to the
surface to be imaged.
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[0124] Inthis way, computer 100 (processor) calculates the
angle of view of detecting unit 8 with respect to light source
10, in connection with the rotational angle of rotational plane
mirror 5.

[0125] <<f3: Measurement of Surface Luminance with
Area Sensor>>
[0126] Next, a method using an area sensor for measuring

the surface luminance of light source 10 will be described. It
is supposed that the area sensor is placed as detecting unit 8
shown in FIG. 1. The light emitted from light source 10 is
folded back by rotational plane mirror 5 to enter detecting unit
8. When the measurement is performed, rotational plane mir-
ror 5 is rotated to expand the imaging range of detecting unit
8.

[0127] FIG.9is a schematic diagram showing a configura-
tion where the area sensor is used as detecting unit 8 of light
distribution characteristic measurement apparatus 1 in the
present embodiment. As shown in FIG. 9, rotational plane
mirror 5 is placed between detecting unit 8 and a surface-to-
be-imaged of the object to thereby control the optical path.
The angle of rotational plane mirror 5 can be changed to
change the position of a surface-to-be-imaged that is to enter
detecting unit 8. In order to calculate the light distribution
characteristic using the area sensor and lens 7 in this way;, it is
necessary to calculate the angle of view with respect to each
observation point of the surface-to-be-imaged. For calcula-
tion of the angle of view, the position where rotational plane
mirror 5 is placed and the angle of rotational plane mirror 5
are taken into consideration.

[0128] Inthe following, a description will be given of meth-
ods for calculating the angle of view and the space coordi-
nates in the case where the area sensor and rotational plane
mirror 5 areused. FIGS. 10A and 10B are schematic diagrams
for explaining a method for calculating the angle of view in
the configuration where the area sensor is used as detecting
unit 8 of light distribution characteristic measurement appa-
ratus 1 in the present embodiment. FIG. 10A shows a cross-
sectional view along a Y-Z plane and FIG. 10B shows a
cross-sectional view along an X-Z plane.

[0129] Referring to FIGS. 10A and 10B, a surface-to-be-
imaged A corresponds to an initial value of the rotational
angle of rotational plane mirror 5 (typically in the state where
rotational plane mirror 5 is not rotated), and a virtual image
surface A' corresponds to this surface-to-be-imaged A. An
observation point “a” and an observation point “a™ are
located on surface-to-be-imaged A and virtual image surface
A, respectively. Observation point a is set at the position
away in the X-axis direction by W from the axial center and
away in the Y-axis direction by H from the axial center. The
distance from detecting unit 8 to the surface-to-be-imaged is
L and rotational plane mirror 5 is placed at a distance R from
the surface-to-be-imaged.

[0130] With respect to this initial state, rotational plane
mirror 5 is rotated by angle 6, which causes the surface-to-
be-imaged to move by 20. After this rotation, the surface-to-
be-imaged is a surface-to-be-imaged B and the virtual image
surface corresponding to surface-to-be-imaged B is a surface-
to-be-imaged B'. This rotation of rotational plane mirror 5
also causes observation points a and a' to move to observation
points b and b', respectively.

[0131] Light distribution characteristic measurement appa-
ratus 1 calculates the angle of view with respect to observa-
tion point b and the space coordinates of observation point b,
when rotational plane mirror 5 is rotated by angle 6.
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[0132] First, angle of view f in the vertical direction (Y-axis
direction) can be calculated from the position where detecting
unit 8 is placed and theY coordinate of observation point a' on
the virtual image surface, independently of rotation of rota-
tional plane mirror 5. The Y-axis coordinate value of obser-
vation point b' remains the same, namely H.

[0133] In contrast, angle of view a in the horizontal direc-
tion (X-axis direction) and the X-axis coordinate value of the
observation point vary in accordance with rotation of rota-
tional plane mirror 5. More specifically, angle of view a with
respect to observation point b corresponds to the sum of an
angle of view y with respect to observation point a' on virtual
image surface A' when rotational plane mirror 5 is not rotated
and twice the rotational angle 6 of the rotational plane mirror.
If this calculation is made based on the observation point on
the virtual image surface, the sign of the angle is opposite to
that when the calculation is made based on the observation
point on the surface-to-be-imaged. Thus, computer 100 (pro-
cessor) calculates the angle of view of detecting unit 8 with
respect to light source 10.

[0134] FIGS. 11 and 12 are diagrams for explaining a pro-
cedure for calculating the X coordinate value in the case
where the area sensor is used as detecting unit 8 of light
distribution characteristic measurement apparatus 1 in the
present embodiment. The X-axis coordinate value is calcu-
lated through the following procedure.

[0135] Asdescribed above, rotation of rotational plane mir-
ror 5 causes the observation point to move from observation
point a to observation point b and accordingly causes the
X-coordinate value of the observation point to change. As
shown in FIG. 11, the X coordinate value of observation point
b' which is a virtual image of observation point b is (x1+x2).
X2 can be calculated from angle of view o' (=angle of view o)
and the distance to a corresponding point of refraction of
rotational plane mirror 5. The point of refraction moves with
rotation of rotational plane mirror 5.

[0136] AsshowninFIG. 12, the space coordinates (X coor-
dinate value and Z coordinate value) of the point of refraction
on rotational plane mirror 5 can be calculated from the inter-
section of a linear function Xy(z) and a linear function Xn+6
(z). Then, the space coordinates of observation point b' are
calculated from the space coordinates of the point of refrac-
tion. Here, the calculation is made for the observation point
onthe virtual image and therefore the sign ofthe X coordinate
value is reversed.

G. Overall Procedure for Measurement with Light
Distribution Characteristic Measurement Apparatus

[0137] Next, a description will be given of a procedure of a
process in the case where the light distribution characteristic
of light source 10 is measured with light distribution charac-
teristic measurement apparatus 1 in the present embodiment.
[0138] <<gl: Process of Rotating Rotational Plane Mirror
after Movement to Each Measurement Position>>

[0139] First, a description will be given of a typical proce-
dure of a process, specifically an example of a process in the
case where support 3 and arm 4 are driven to position detect-
ing unit 8 and rotational plane mirror 5 at each measurement
position and, under this condition, rotational plane mirror 5 is
rotated to perform measurement. This example process is
applicable to both the case where the line sensor is used and
the case where the area sensor is used, as detecting unit 8.
[0140] FIG. 13 is a flowchart illustrating an overall proce-
dure of a process for measurement of the light distribution



US 2014/0055779 Al

characteristic using light distribution characteristic measure-
ment apparatus 1 in the present embodiment. Each step
shown in FIG. 13 is typically implemented by CPU 101 of
computer 100 and trigger device 110.

[0141] Referring to FIG. 13, inresponse to an instruction to
start measurement, CPU 101 of computer 100 outputs a driv-
ing command to X-axis motor 11 and Y-axis motor 12 to
thereby start movements with respect to the X axis and the Y
axis (step S1). In step S1, the X-axis and the Y-axis are each
rotationally driven by a predetermined angle step (angle per
movement) in a predetermined angular range (typically
+180° for each of the X axis and the Y axis).

[0142] Subsequently, trigger device 110 determines
whether or not the X axis and the Y axis have reached a
predetermined measurement position (step S2). More specifi-
cally, trigger device 110 counts each of the motor drive pulses
given respectively from X-axis motor 11 and Y-axis motor 12,
and determines whether or not each count value has been
incremented by a value corresponding to the predetermined
angle step. When the X axis and the Y axis have not reached
the predetermined measurement position (NO in step S2), the
process is repeated from step S2.

[0143] Instep S1, the movements may be made in any order
as long as the goniometer can be driven to position the X axis
and the Y axis at a required measurement position. Typically,
apossible method may be as follows. Namely, with the'Y axis
positioned at a certain angle, the X axis is moved by a prede-
termined angle step at atime through a predetermined angular
range (range of measurement). Then, when a series of mea-
surement operations has been completed, the Y axis is moved
by a predetermined angle step and the X axis is moved from
the initial position to repeat the series of measurement opera-
tions.

[0144] In this way, in steps S1 and S2, light distribution
characteristic measurement apparatus 1 moves detecting unit
8 configured to detect the light from light source 10 and
rotational plane mirror 5 configured to reflect the light from
light source 10 to direct the light to detecting unit 8, relative
to light source 10, to thereby perform the process of arranging
them at a plurality of measurement positions with respect to
light source 10.

[0145] When the X axis and the Y axis have reached the
predetermined measurement position (YES in step S2), CPU
101 of computer 100 outputs a driving command to rota-
tional-mirror motor 13 to start rotational movement of rota-
tional plane mirror 5 (step S3). Subsequently, trigger device
110 determines whether or not rotational plane mirror 5 has
oriented at a predetermined measurement angle (step S4).
More specifically, trigger device 110 counts the motor drive
pulse given from rotational-mirror motor 13, and determines
whether or not the count value has been incremented by a
value corresponding to the predetermined angle step. When
rotational plane mirror 5 has not oriented at the predeter-
mined measurement angle (NO in step S4), the process is
repeated from step S3.

[0146] Namely, in steps S3 and S4, light distribution char-
acteristic measurement apparatus 1 performs a process of
orienting rotational plane mirror 5 by different rotational
angles for each measurement point, while maintaining the
optical path length from light source 10 to detecting unit 8.
[0147] When rotational plane mirror 5 has oriented at the
predetermined measurement angle (YES in step S4), trigger
device 110 outputs a trigger pulse to detecting unit 8 (step S5).
In response to the trigger pulse, detecting unit 8 performs
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imaging (step S6), and outputs image data obtained through
the imaging to computer 100 (step S7). Namely, upon receiv-
ing the trigger pulse, detecting unit 8 starts imaging (mea-
surement).

[0148] CPU 101 of computer 100 stores the image data
received from detecting unit 8, and calculates the luminance
for an observation point corresponding to the timing at which
the trigger pulse is output, to store the luminance as light
distribution data (step S8). Details of this data storage process
will be described later herein.

[0149] Subsequently, trigger device 110 determines
whether or not rotational plane mirror 5 has completed rota-
tion of a predetermined angular range (step S9). When rota-
tional plane mirror 5 has not completed rotation of the pre-
determined angular range (NO in step S9), the process is
repeated from step S3. Namely, when a series of steps S3 to
S8 has been completed, rotational plane mirror 5 is oriented at
anext rotational angle and a similar series of steps is repeated.

[0150] Incontrast, when rotational plane mirror 5 has com-
pleted the rotation of the predetermined angular range (YES
in step S9), trigger device 110 determines whether or not both
the X axis and the Y axis have completed respective move-
ments of respective predetermined angular ranges (step S10).
When any of the X axis and the Y axis has not completed
movement of the predetermined angular range (NO in step
S10), the process is repeated from step S2. Typically, when a
measurement process for the predetermined angular range of
the X axis has been completed, CPU 101 of computer 100
moves the Y axis to a next position and, for the X axis, the
series of operations is repeated from the state where the X axis
is in the initial position.

[0151] Incontrast, when both the X axis and theY axis have
completed respective movements of respective predeter-
mined angular ranges (YES in step S10), CPU 101 of com-
puter 100 calculates the illuminance based on the data stored
in step S8 (step S11). Thus, when the measurement is com-
pleted with both the X axis and the Y axis moved, the illumi-
nance of light source 10 is calculated. Namely, light distribu-
tion characteristic measurement apparatus 1 calculates the
light distribution characteristic of light source 10 based on a
plurality of results of measurement that are detected by
detecting unit 8. Thus, the process is ended.

[0152] <<g2: Process of Making Movement to Each Mea-
surement Position after Setting Rotational Angle of Rota-
tional Plane Mirror>>

[0153] Next, a description will be given of an example
process of setting in advance the rotational angle of rotational
plane mirror 5 and then rotating the X axis and the Y axis
under this condition. This process can also be performed to
successively take measurements without the need to stop
detecting unit 8 and rotational plane mirror 5 at each mea-
surement position. This example process is suitable for the
case where the area sensor is used as detecting unit 8.

[0154] FIG. 14 is a flowchart showing another overall pro-
cedure of a process for measurement of the light distribution
characteristic using light distribution characteristic measure-
ment apparatus 1 in the present embodiment. Any step shown
in FIG. 14 that is identical in process details to a correspond-
ing step shown in FIG. 13 is denoted by the same step number
as that of the corresponding step, and any step that is similar
in process details to a corresponding step shown in FIG. 13 is
denoted by the same step number with a following symbol
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“#” attached thereto. Each step shown in FIG. 14 is typically
implemented by CPU 101 of computer 100 and trigger device
110.

[0155] Referring to FIG. 14, in response to an instruction to
start measurement, CPU 101 of computer 100 outputs a driv-
ing command to rotational-mirror motor 13 to thereby ori-
ented rotational plane mirror 5 at a predetermined rotational
angle (step S3#). Subsequently, CPU 101 of computer 100
outputs a driving command to X-axis motor 11 and Y-axis
motor 12 to thereby start movements with respect to the X
axis and the Y axis (step S1#).

[0156] Subsequently, trigger device 110 determines
whether or not the X axis and the Y axis have reached a
predetermined measurement position (step S2#). When the X
axis and the Y axis have not reached the predetermined mea-
surement position (NO in step S2#), the process is repeated
from step S1#.

[0157] When the X axis and the Y axis have reached the
predetermined measurement positions (YES in step S2#),
trigger device 110 outputs a trigger pulse to detecting unit 8
(step S5). In response to the trigger pulse, detecting unit 8
performs imaging (step S6), and outputs image data obtained
through the imaging to computer 100 (step S7). CPU 101 of
computer 100 stores the image data received from detecting
unit 8, and calculates the luminance for an observation point
corresponding to the timing at which the trigger pulse is
output, to store the luminance as light distribution character-
istic data (step S8).

[0158] Subsequently, trigger device 110 determines
whether or not both the X axis and the Y axis have completed
respective movements of respective predetermined angular
ranges (step S10). When any of the X axis and theY axis has
not completed movement of the predetermined angular range
(NO in step S10), the process is repeated from step S1#.
[0159] Incontrast, when both the X axis and theY axis have
completed respective movements of respective predeter-
mined angular ranges (YES in step S10), trigger device 110
determines whether or not rotational plane mirror 5 has com-
pleted rotation of a predetermined angular range (step S9).
When rotational plane mirror 5 has not completed rotation of
the predetermined angular range (NO in step S9), the process
is repeated from step S3#. Namely, rotational plane mirror 5
is oriented at a next rotational angle and a similar series of
steps is repeated.

[0160] When rotational plane mirror 5 has completed the
rotation of the predetermined angular range (YES in step S9),
CPU 101 of computer 100 calculates the illuminance based
on the data stored in step S8 (step S11). Thus, the process is
ended.

[0161] As will be described later herein, in the case where
a plurality of detecting units 8 are arranged, the processes
each including steps S6, S7, and S8 are performed in parallel
where the number of the processes is identical to the number
of the arranged detecting units 8.

H. Data Storage Process

[0162] Next, details of the data storage process shown in
step S8 of FIGS. 13 and 14 will be described. FIG. 15 is a
flowchart showing a process procedure for the data storage
process shown in step S8 of FIGS. 13 and 14.

[0163] In light distribution characteristic measurement
apparatus 1, measurement is performed while detecting unit 8
and rotational plane mirror 5 are moved relatively to light
source 10, and therefore, it is necessary to successively iden-
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tify (track) the position, on an object, to be imaged by detect-
ing unit 8. Thus, light distribution characteristic measurement
apparatus 1 determines an observation point with respect to
light source 10 before starting measurement, and uses this
observation point as a reference to thereby determine points
of image data obtained as a result of movement of detecting
unit 8 and rotational plane mirror 5. For the sake of conve-
nience of the process, the center of each axis is defined as
having space coordinate values (0, 0, 0) and, with respect to
this, the space coordinates of each observation point are deter-
mined.

[0164] Referring to FIG. 15, CPU 101 of computer 100 first
selects any one observation point in an imaging range of
detecting unit 8 (step S801). Subsequently, CPU 101 of com-
puter 100 performs a process of acquiring initial space coor-
dinate values (step S802). In the process of acquiring the
initial space coordinate values, under the conditions that one
of a plurality of observation points in the imaging range of
detecting unit 8 has been selected as an observation point and
detecting unit 8 is in its initial state (X-axis angle=0°, Y-axis
angle=0°), the space coordinate values (initial space coordi-
nate values) representing this observation point are acquired.

[0165] Subsequently, CPU 101 of computer 100 acquires
an X-axis angle and a Y-axis angle (step S803) and performs
a process of calculating measurement-space coordinate val-
ues (step S804). In the process of calculating the measure-
ment-space coordinate values, the coordinate values of the
observation point which has moved in accordance with rota-
tion of the X-axis and/or the Y axis are calculated. More
specifically, from the initial space coordinate values of the
observation point calculated in step S802 as well as the X-axis
angle and the Y-axis angle, the space coordinate values of the
observation point after being moved are calculated.

[0166] Subsequently, CPU 101 of computer 100 performs a
process of calculating a measurement angle (step S805). In
this process of calculating the measurement angle, an angle of
view of detecting unit 8 with respect to the space coordinate
values of the observation point after being moved is calcu-
lated, and the angle of view is added to the angle of movement
relative to the X-axis/Y-axis, to thereby calculate the mea-
surement angle.

[0167] Subsequently, CPU 101 of computer 100 performs a
process of calculating measurement imaging coordinate val-
ues (step S806). In this process of calculating the measure-
ment imaging coordinate values, the coordinate values of the
observation point in the imaging range of detecting unit 8
(detecting unit 8’s imaging coordinate values) are calculated.
Namely, the positional relationship between the detecting
unit 8’s imaging coordinate values and the observation point
corresponds to the relationship between the measurement
coordinate values and the detecting unit 8’s imaging coordi-
nate values. The space coordinate values of the observation
point can be provided to calculate the detecting unit 8’s imag-
ing coordinate values. Namely, from the position where
detecting unit 8 performs imaging, the observation point can
be identified.

[0168] Subsequently, CPU 101 of computer 100 performs a
process of acquiring a measurement value (step S807). In this
process of acquiring the measurement value, the value
(brightness) of the identified observation point is read from
the image data obtained through the imaging.

[0169] Subsequently, CPU 101 of computer 100 performs a
process of storing the measurement value (step S808). In this
process of storing the measurement value, the value of the
observation point acquired in step S807 is stored in associa-
tion with the measurement angle of the observation point
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(calculated in step S805) and the initial space coordinate
values (calculated in step S802).

[0170] Then, CPU 101 of computer 100 determines
whether or not the processes have been completed for all
observation points in the imaging range of detecting unit 8
(step S809). When the processes have not been completed for
all observation points in the imaging range of detecting unit 8
(NO in step S809), CPU 101 of computer 100 selects another
observation point (step S810), and performs the processes
from step S802.

[0171] In contrast, when the processes have been com-
pleted for all observation points in the imaging range of
detecting unit 8 (YES in step S809), the process returns.
[0172] In the following, details of the processes of major
steps will be described in more detail.

[0173] <<hl: Process of Selecting Observation Point in
Imaging Range of Detecting Unit 8 and Process of Acquiring
Measurement Value>>

[0174] First, a description will be given of the process of
selecting an observation point in the imaging range shown in
steps S801 and S810 of FIG. 15 as well as the process of
acquiring a measurement value shown in step S807 thereof.
FIG. 16 is a diagram for explaining the process of selecting an
observation point in the imaging range and the process of
acquiring the measurement value shown in FIG. 15.

[0175] Referring to FIG. 16, observation point V is identi-
fied as coordinates on image data taken through imaging by
detecting unit 8. In step S807, the measurement value of
observation point V is acquired from the luminance of one or
a plurality of pixels including measurement point V. Prefer-
ably, the integrated average value of the brightness of pixels
included in a predetermined area which is defined relative to
observation point V (observation point measurement area) is
used.

[0176] Here, the size of the observation point measurement
areais set as appropriate. While an increase ofthe observation
point measurement area improves the S/N (Signal to Noise)
ratio, the solid measurement angle increases, which may
cause deterioration of the resolving power of the measure-
ment angle. Therefore, depending on the required resolving
power or the like, the size of the observation point measure-
ment area is designed as appropriate.

[0177] <<h2: Process of Calculating Measurement-Space
Coordinate Values>>

[0178] Next, the process of calculating the measurement-
space coordinate values shown in step S804 of FIG. 15 will be
described. FIGS. 17A and 17B are diagrams for explaining
the process of calculating the measurement-space coordinate
values shown in FIG. 15. In connection with FIGS. 17A and
17B, the case will be considered first by way of example in
which initial position A is rotated relative to the X axis by a
movement angle (X-axis movement angle) ¢x to move to
position B, and further rotated relative to the Y axis by a
movement angle (Y-axis movement angle) ¢y to move to
position C.

[0179] As shown in FIG. 17A, the coordinate values (xb,
yb, zb) of position B after the X-axis movement are calculated
in the following manner based on the coordinate values (xa,
ya, za) of initial position A and movement angle ¢x.

xb=xaxcos ¢x—zaxsin ¢x
yb=ya
zb=xaxsin gx—zaxcos ¢x

[0180] AsshowninFIG.17B, coordinate values (xc, yc, 7c)
ofposition C after the Y-axis movement are further calculated

Feb. 27,2014

in the following manner. First, the distance R between posi-
tion B after the X-axis movement and the center coordinates
is as follows.

R=yb/cos 6

[0181] Angle 6 between position B and the Y axis of the
center coordinates is as follows.

O=atan(zb/yb)

[0182] These values are utilized to calculate, in the follow-
ing manner, the coordinate values (xc, yc, zc) of position C
after the Y-axis movement.

xc=xb=xaxcos px-zaxsin ¢x
ye=Rxcos(¢py+0)

ze=Rxsin(¢y+0)

[0183] For any of the X-axis rotation and/or the Y-axis
rotation, they can be calculated successively in a similar
manner to the above-described one.

[0184] Further, as described in the above section <F.
Method for Measuring Surface Luminance of Light Source>,
it is necessary to take into consideration the space coordinate
values depending on rotation of rotational plane mirror 5.
More specifically, as described above with reference to FIGS.
8A, 8B, 10, 11, and 12, a variation of the space coordinates
resultant from rotation of rotational plane mirror 5 is added to
the above-described coordinate values.

[0185] <<h3: Process of Calculating Measurement
Angle>>
[0186] Next, a description will be given of the process of

calculating the measurement angle shown in step S805 of
FIG. 15. FIGS. 18A, 18B, and 19 are diagrams for explaining
the process of calculating the measurement angle shown in
FIG. 15. More specifically, FIGS. 18A and 18B show a
method for calculating an angle of view, and FIG. 19 shows a
method for calculating the measurement angle from the
movement angle.

[0187] As shownin FIG. 18A, it is supposed that detecting
unit 8 is placed at coordinate values (pxc, pyc, pzc), and the
coordinate values of any one observation point V in the
detecting unit 8’s imaging range is (xv, yv, zv). This obser-
vation point V corresponds to a light emission point on light
source 10. As shown in FIG. 18B, where the center of each
axis is at space coordinate values (0, 0, 0), angles of view 0x,
By for observation point V are as follows.

Ox=atan {(xv-pxc)/(zv-pzc)}

Oy=atan {(yv-pyc)/(zv-pzc)}

[0188] Next, following the procedure as shown in FIG. 19,
the measurement angle is calculated from the movement
angle of observation point V. For example, it is supposed that
observation point V has rotated relative to the X axis by a
movement angle (X-axis movement angle) ¢x. It is also sup-
posed that the rotation relative to the X axis causes observa-
tion point V in the initial state to move to observation point V'
(xv', yv, zv'). The space coordinates of observation point V
after this movement are calculated from the relationship
between the amount of rotational movement and the measure-
ment coordinates. Angle of view 0x' of observation point V is
calculated in accordance with the following formula.

6x'=atan {(xv"—pxc)/(zv-pzc)}

[0189] Further, as described in the above section <F.
Method for Measuring Surface Luminance of Light Source>,



US 2014/0055779 Al

it is necessary to take into consideration angles of view o and
[ depending on the rotation of rotational plane mirror 5.
[0190] Finally, the measurement angle for observation
point V is calculated as movement angle ¢x-angle of view
0x'-angle of view a.. Likewise, in the case where observation
point V is rotated relative to the Y axis by movement angle
(Y-axis movement angle) ¢y as well, the measurement angle
can be calculated through a similar procedure.

[0191] <<h4: Process of Calculating Measurement Imag-
ing Coordinate Values>>

[0192] Next, the process of calculating the measurement
imaging coordinate values shown in step S806 of FIG. 15 will
be described. FIG. 20 is a diagram for explaining the process
of calculating the measurement imaging coordinate values
shown in FIG. 15.

[0193] Referring to FIG. 20, the imaging coordinate space
is set so that its center is located at the axial center. The X
coordinate plane and the Y coordinate plane are each a plane
perpendicular to the corresponding rotational axis.

[0194] Imaging angles Bpx and Opy of detecting unit 8
relative to observation point V are calculated in accordance
with the following formulas.

Opx=atan((pzc-zv)/xv)

Opy=atan((pzc-zv)/yv)

[0195] The surface to be imaged by detecting unit 8 (imag-
ing space coordinates) is supposed to be the X-Y plane where
the z coordinate is 0. At this time, imaging coordinate values
C (xc, yc, zc) on the surface to be imaged are calculated from
imaging angles 0px and 8py in accordance with the following
formulas.

xc=pzcextan Opx
yc=pzcxtan Opy

ze=0

[0196] The coordinates relative to the coordinates on
detecting unit 8 are calculated in accordance with the follow-
ing formulas.

px=xcx(ced__x_num/width)

py=yex(ced__y_num/height)

[0197] It should be noted that ccd_x_num and ccd_y_num
represent the number of lateral pixels and the number of
vertical pixels of detecting unit 8 and “width” and “height”
represent the lateral width and the vertical width respectively
of the imaging range.

[0198] <<h5: Process of Acquiring and Process of Storing
Measurement Value>>

[0199] Next, the process of acquiring the measurement
value shown in step S807 of FIG. 15 and the process of storing
the measurement value shown in step S808 thereof will be
described. FIGS. 21A, 21B, and 22 are diagrams for explain-
ing the process of acquiring and the process of storing the
measurement value shown in FIG. 15.

[0200] As showninFIG. 21A, the luminance for each mea-
surement angle is acquired for each observation point. This
process of acquiring the luminance has been described above
with reference to FIG. 16. Namely, a collection of luminance
values at respective measurement angles is the luminance
distribution data. As shown in FIG. 21B, the luminance at
each measurement angle is acquired for each observation
point. Namely, for each of a plurality of measurement angles
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corresponding to the number of observation points, the lumi-
nance is acquired. Thus, in the present embodiment, the light
distribution characteristic is calculated at each of a plurality
of'observation points included in the imaging range of detect-
ing unit 8.

[0201] Forexample, the array structure as shown in FIG. 22
is utilized to store each luminance associated with the mea-
surement angle. Each luminance stored in this array structure
is an element of the luminance distribution data. Namely, for
each observation point, the luminance at a measurement
angle (X-axis component and Y-axis component) is stored in
the two-dimensional array. When the light source has a light
distribution characteristic, the magnitude of the luminance
varies depending on the measurement angle as shown in FI1G.
22.

[0202] An arbitrary data storage method may be employed
instead of the array structure as shown in FIG. 22.

[0203] <1. [lluminance Calculation Process>

[0204] Next, details of the illuminance calculation process
shown in step S11 of FIGS. 13 and 14 will be described. In
this illuminance calculation process, the light beam (lumi-
nance) from the light source that is incident on an illumi-
nance-calculated position where the illuminance at this posi-
tion is to be calculated is integrated in consideration of the
light distribution characteristic of the light source to thereby
calculate the illuminance at this position. Therefore, the
observation point is identified that is a point from which
emitted the light that is incident on the illuminance-calculated
position and the process of integrating the luminance at this
observation point is performed on which the angle of view of
each observation point is reflected.

[0205] FIG. 23 is a flowchart showing a process procedure
for the illuminance calculation step shown in step S11 of
FIGS. 13 and 14. Each step shown in FIG. 23 is mainly
performed by CPU 101 of computer 100.

[0206] Referring to FIG. 23, CPU 101 of computer 100
performs the process of determining the illuminance-calcu-
lated position (step S1101). In this process of determining the
illuminance-calculated position, CPU 101 sets any region
(typically a wall surface) where the illuminance of this region
should be calculated, determines one point which is included
in this set region and which is to be the illuminance-calculated
position, and acquires the space coordinates of this position.
[0207] Subsequently, CPU 101 of computer 100 selects any
one observation point from a plurality of observation points
for which the luminance distribution data has been acquired
(step S1102). Subsequently, CPU 101 of computer 100 cal-
culates, for the selected observation point, an angle of view of
the observation point relative to the illuminance-calculated
position (step S1103). Details of the process of calculating the
angle of view will be described later herein.

[0208] Subsequently, CPU 101 of computer 100 searches
the luminance distribution data associated with the selected
observation point, for the luminance at the angle of view
calculated in step S1103 (step S1104). Namely, the lumi-
nance corresponding to the calculated angle of view is
searched for.

[0209] Subsequently, CPU 101 of computer 100 acquires
the storage address where the luminance distribution data is
stored in the vicinity of the calculated angle of view, and
approximates the luminance included in the range of the
searched light distribution data, to thereby calculate the lumi-
nance of the selected observation point (step S1105). Then,
CPU 101 of computer 100 uses the luminous intensity cor-
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rection factor to convert the calculated luminance to the lumi-
nous intensity, and adds the calculated luminous intensity to
the illuminance storage data associated with the selected illu-
minance-calculated position (step S1106).

[0210] Then, CPU 101 of computer 100 determines
whether or not the selection has been completed for all of a
plurality of observation points for which the luminance dis-
tribution data has been acquired (step S1107). When any of a
plurality of observation points has not been selected (NO in
step S1107), CPU 101 selects another observation point (step
S1108), and performs the processes from step S1103.
[0211] In contrast, when selection has been completed for
all of a plurality of observation points (YES in step S1107),
CPU 101 outputs the value of the illuminance storage data
associated with the selected illuminance-calculated position,
as the illuminance at this illuminance-calculated position
(step S1109).

[0212] Namely, the process of adding the luminance (or the
luminous intensity obtained by conversion) for all observa-
tion points is executed for one illuminance-calculated posi-
tion. When the process of adding it to the illuminance storage
datais completed for all of the observation points, the result of
addition is the illuminance at the corresponding illuminance-
calculated position.

[0213] The above series of processes is also performed for
other illuminance-calculated positions. Namely, from the
region where the illuminance should be calculated, illumi-
nance-calculated positions are successively identified and the
above-described processes are repeatedly performed. More
specifically, CPU 101 of computer 100 determines whether or
not the selection has been completed for all of a plurality of
illuminance-calculated positions that are included in the
region which has been set as a region where the illuminance
should be calculated (step S1110). When any of a plurality of
illuminance-calculated positions has not been selected (NO
in step S1110), CPU 101 selects another illuminance-calcu-
lated position (step S1111), and performs the processes from
step S1102.

[0214] In contrast, when all of a plurality of illuminance-
calculated positions have been selected (YES in step S1110),
the process returns.

[0215] <<il: Process of Determining Illuminance-Calcu-
lated Position>>

[0216] First, the process of determining the illuminance-
calculated position shown in step S1101 of FIG. 23 will be
described. FIGS. 24A and 24B are diagrams for explaining
the process of determining the illuminance-calculated posi-
tion shown in FIG. 23.

[0217] Referring to FIGS. 24A and 24B, generally the illu-
minance-calculated position is given by any of the X-Y coor-
dinate system, the a-f coordinate system, and the ¢-6 coor-
dinate system. FIG. 24 A shows an example where a region in
which the illuminance is to be calculated is defined by the
X-Y coordinate system. The illuminance-calculated posi-
tions are set on this region. Typically, positions that are set at
regular intervals by any of the coordinate systems are the
illuminance-calculated positions. In the example shown in
FIG. 24A, the illuminance-calculated positions are set at the
intervals of X-axis steps and Y-axis steps. An example where
the illuminance-calculated positions are set for the entire
space is shown in FIG. 24B.

[0218] For the sake of convenience of calculation, the axial
center is defined as the origin (0, 0, 0) of the space coordinate
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system, and space coordinate values representing the set illu-
minance-calculated position are determined.

[0219] <<i2: Process of Calculating Angle of View of
Observation Point Relative to Illuminance-Calculated Posi-
tion>>

[0220] Next, a description will be given of the process of
calculating the angle of view of the observation point relative
to the illuminance-calculated position shown in step S1103 of
FIG. 23. FIG. 25 is a diagram for explaining the process of
calculating the angle of view of the observation point relative
to the illuminance-calculated position shown in FIG. 23.
[0221] Asshownin FIG. 25, it is supposed here that any one
observation point V has coordinate values (xv, yv, zv) and an
illuminance-calculated position G has coordinate values (xg,
yg, 7g). At this time, angles of view Ox, Oy of observation
point V relative to illuminance-calculated position G are as
follows.

Ox=atan {(xg-xv)/(zg-zv)}

Oy=atan {(3g-yv)/(zg-zv)}

[0222] <<i3: Process of Searching for Luminance at Angle
of View>>
[0223] Next, a description will be given of the process of

searching for the luminance at the angle of view shown in step
S1104 of FIG. 23. FIG. 26 is a diagram for explaining the
process of searching for the luminance at the angle of view
shown in FIG. 23.

[0224] The above-described array structure as shown in
FIG. 22 isutilized to store each luminance associated with the
measurement angle. Such an array structure is utilized to
search for the storage addresses (angles of view 0x, 0y) in the
light distribution data that are located around the intersection
of angles of view ©x and Oy that correspond to the observa-
tion point relative to the illuminance-calculated position.
[0225] In the example shown in FIG. 26, four storage
addresses (array positions 301, 302,303, 304) adjacent to the
intersection 300 of angle of view Ox and angle of view Oy on
the two-dimensional array are searched for. Namely, it can be
determined that the value of the illuminance in the range
enclosed by these four addresses searched for is generated at
the corresponding illuminance-calculated position.

[0226] <<i4: Process of Calculating L.uminance at Obser-
vation Point>>
[0227] Next, a description will be given of the process of

calculating the luminance at the observation point shown in
step S1105 of FIG. 23. FIGS. 27A and 27B are diagrams for
explaining the process of calculating the luminance at the
observation point shown in FIG. 23.

[0228] As described above by means of above-referenced
FIG. 26, based on the data stored at the storage addresses in
the vicinity of the intersection of angles of view @x and Oy of
the observation point relative to the illuminance-calculated
position, the luminance is calculated. For example, referring
to FIG. 27A, for a luminance plane that is defined by the
luminance corresponding to the light distribution angles (xel,
yel), (xe2, yel), (xe2, ye2), (xel, ye2), the luminance corre-
sponding to the illuminance calculation axis on the luminance
plane is calculated. The illuminance calculation axis is
defined as corresponding to angles of view ©x, Oy of the
observation point relative to the illuminance-calculated posi-
tion, and is defined by means of X-axis angle yx and Y-axis
angle vy.

[0229] More specifically, as shown in FIG. 27B, linear
interpolation is utilized to calculate the luminance at the
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illuminance-calculated position, from the adjacent luminance
distribution data. In the example of FIG. 27B, a line passing
through two points, namely luminance L. (xel, ye2) and (xe2,
ye2) is defined as approximate line L1 (yx, ye2). Likewise, a
line passing through two points, namely luminance L (xel,
yel) and (xe2, yel) is defined as approximate line L2 (yx,
yel). Further, from the line between approximate lines [.1 and
L2, an approximate line [.3 (yx, yy) is determined. Then, the
luminance corresponding to the angle of view (yx, yy) from
the illuminance-calculated point is calculated.

[0230] <<i5: Process of Adding Luminous Intensity to Illu-
minance Storage Data>>

[0231] Next, a description will be given of the process of
adding the luminous intensity to the illuminance storage data
shown in step S1106 of FIG. 23. FIG. 28 is a diagram for
explaining the process of adding the luminous intensity to the
illuminance storage data shown in FIG. 23. The illuminance
at a certain illuminance-calculated position can be calculated
as the integration of the intensity (luminous intensity) of light
incident on the illuminance-calculated position.

[0232] First, CPU 101 uses luminous intensity correction
factor k to convert luminance L at each observation point that
has been calculated to luminous intensity I. Here, illuminance
E is proportional to luminous intensity I and inversely pro-
portional to the square of distance d from the light source.
Thus, illuminance E from each observation point is calculated
in accordance with the following formula.

Illuminance E(Zx)=luminous intensity I(cd)/distance
d(mm)*

[0233] Distance d is calculated successively in accordance
with illuminance-calculated position G (xg, yg, zg) and the
coordinate values of each observation point.

[0234] The illuminance at the illuminance-calculated posi-
tion is the integration of illuminance E from respective obser-
vation points. In this way, the illuminance at illuminance-
calculated position G is calculated.

J. Configuration where Multiple Detecting Units and
Rotational Plane Mirror are Used

[0235] Regarding the above-described light distribution
characteristic measurement apparatus 1, the configuration
where a single detecting unit 8 is used has been illustrated by
way of example. Instead, a configuration where a plurality of
detecting units 8 are used may be employed.

[0236] FIG. 29 is a schematic diagram showing main com-
ponents of a light distribution characteristic measurement
apparatus in a modification of the present embodiment.
Referring to FIG. 29, in the case where rotational plane mirror
5 isused and an object is imaged with a plurality of detecting
units 8, respective imaging ranges of a plurality of detecting
units 8A, 8B, 8C arranged laterally in accordance with a
predetermined rule are surfaces-to-be-imaged A, B, C and
accordingly virtual image surfaces A', B', and C' are gener-
ated. Namely, the detecting unit includes a plurality of detect-
ing surfaces arranged in accordance with a predetermined
rule, with respect to the rotational center of rotational plane
mirror 5. Even when a plurality of detecting units 8 are thus
set, rotational plane mirror 5 can be used to make the optical
path longer and thereby expand the imaging range.

[0237] FIG. 30 is a diagram showing an example arrange-
ment of detecting units 8A, 8B, 8C in the light distribution
characteristic measurement apparatus in the modification of
the present embodiment. FIG. 31 is a diagram for explaining
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how the imaging range changes when rotational plane mirror
5 is oriented at the example arrangement shown in FIG. 30.
[0238] Referring to FIG. 30, it is supposed that detecting
units 8A, 8B, 8C are arranged so that they are separated from
each other by angle 6. As shown in FIG. 31, rotation of
rotational plane mirror 5 by rotational angle 6/2 at a time
causes the imaging position to move by angle 0 at a time.
Namely, in the initial state shown in FIG. 30, the imaging
range of detecting unit 8A is surface-to-be-imaged A, the
imaging range of detecting unit 8B is surface-to-be-imaged
B, and the imaging range of detecting unit 8C is surface-to-
be-imaged C. With respect to this state, rotational plane mir-
ror 5 is rotated by 6/2. Then, as shown in FIG. 31, surfaces-
to-be-imaged A, B, C are all moved leftward in the plane of
FIG. 31. Namely, CPU 101 of computer 100 rotates rotational
plane mirror 5 by an angle (6/2) at each movement that is a
half of the angle (8) formed by two adjacent detecting sur-
faces with respect to the rotational center of rotational plane
mirror 5.

[0239] At this time, surface-to-be-imaged B of detecting
unit 8B after the rotation is the same as surface-to-be-imaged
A of detecting unit 8 A before the rotation. Likewise, surface-
to-be-imaged C of detecting unit 8C after the rotation is the
same as surface-to-be-imaged B of detecting unit 8B before
the rotation. Detecting units 8A, 8B, 8C are identical to each
other in terms of the angle of view with respect to the same
observation point. This rotation of rotational plane mirror 5
and imaging are repeated to thereby image the same surface-
to-be-imaged by a plurality of detecting units 8. Accordingly,
each of a plurality of detecting units 8 can acquire image data
about the same surface-to-be-imaged.

[0240] A plurality of detecting units 8 can perform imaging
with respective imaging ranges identical to each other,
respective optical paths identical to each other, and respective
angles of view for a common observation point that are iden-
tical to each other. Through the use of rotational plane mirror
5, a plurality of detecting units 8 (typically cameras) can be
used to image a common object on the same optical path.
Imaging can thus be performed to allow detecting units 8 to
have the same angle of view relative to a common observation
point, and therefore, image processing can be performed
using a plurality of image data for any observation point
(certain point on the surface of the light source). A typical
example of such image processing, specifically a method for
calculating the chromaticity by means of a plurality of detect-
ing units 8 and rotational plane mirror 5 will be described.
[0241] FIG. 32 is a diagram for explaining an example
configuration where the chromaticity is calculated by means
of a light distribution characteristic measurement apparatus
in a modification of the present embodiment. As described
above, a plurality of detecting units 8 A, 8B, 8C and rotational
plane mirror 5 can be used to acquire a plurality of image data
obtained through imaging of a specific surface-to-be-imaged,
by a plurality of detecting units 8A, 8B, 8C, respectively.
[0242] Here, a plurality of detecting units 8 can be mounted
with respective chromaticity filters or wavelength filters dif-
ferent from each other, to thereby calculate the chromaticity
characteristics or wavelength characteristics of a surface-to-
be-imaged. As shown in FIG. 32, it is supposed for example
that detecting units 8A, 8B, 8C are mounted with respective
chromaticity filters different from each other, and image the
same object. Specifically, itis supposed that detecting unit 8A
is mounted with a filter for chromaticity X, detecting unit 8B
is mounted with a filter for chromaticity Y, and detecting unit



US 2014/0055779 Al

8C is mounted with a filter for chromaticity Z. Light intensity
data at specific coordinates (x, y) on the image data obtained
through respective imaging operations of detecting units 8 A,
8B, 8C are each expressed in the following manner:

[0243] light intensity at coordinates (X, y) of the image data
obtained by detecting unit 8A: A (%, y);

[0244] light intensity at coordinates (X, y) of the image data
obtained by detecting unit 8B: B (x, y); and

[0245] light intensity at coordinates (X, y) of the image data
obtained by detecting unit 8C: C (%, y).

[0246] Here, light intensity: A (x, y) corresponds to chro-
maticity X data, light intensity: B (x, y) corresponds to chro-
maticity Y data, and light intensity: C (X, y) corresponds to
chromaticity 7 data.

[0247] Thesedata canbe used to calculate chromaticity x as
follows.

Chromaticity x=A4(x,)/(A(x,3)+Bxy)+C(x,y))

[0248] The methods for calculating the angle of view and
the observation point are similar to those for the case where
one detecting unit 8 is used. Such a process of calculating the
chromaticity is advantageous in the case where the viewing
angle characteristics of a display or the like are measured.

K. Other Embodiments

[0249] While above-referenced FIGS. 7 and 9 show the
configuration where rotational plane mirror 5 is rotated about
the axis in the vertical direction in the plane of FIGS. 7 and 9,
the mirror may be rotated about the axis in the lateral direction
in the plane of FIGS. 7 and 9. Further, rotational plane mirror
5 may be rotated about the two axes independently of each
other. The increased number of rotational axes can further
expand the imaging range.

L. Advantages

[0250] The light distribution characteristic measurement
apparatus in the present embodiment employs a configuration
where the light emitted from light source 10 is reflected
(folded back) by rotational plane mirror 5 and directed to
detecting unit 8. Such a configuration can be employed to
shorten the distance from light source 10 to detecting unit 8.
Accordingly, it is unnecessary to lengthen the distance from
the rotational axis (central axis) to rotational plane mirror 5,
and the radius of rotation of detecting unit 8 and rotational
plane mirror 5 can be shortened. Thus, the apparatus can be
reduced in size and weight to a greater extent.

[0251] Moreover, in the light distribution characteristic
measurement apparatus in the present embodiment, the
radius of rotation of rotational plane mirror 5 can be short-
ened, and therefore, the structure of support 3 and arm 4
involved in the rotational driving can be simplified and
reduced in weight. Further, since detecting unit 8 can be
placed near the rotational axis (central axis), the moment
involved in the rotational driving can be reduced, and there-
fore, the structure of support 3 and arm 4 can be reduced in
weight to a greater extent. Accordingly, the rotational speed
of detecting unit 8 and rotational plane mirror 5 can be made
higher and thus the time required for measurement can be
shortened. At this time, two mirrors can be used to make the
light unpolarized that is to be input from light source 10 to
detecting unit 8.

[0252] Further, in the light distribution characteristic mea-
surement apparatus in the present embodiment, rotational
plane mirror 5 can be rotated to expand the imaging range of
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detecting unit 8. In the case where a line sensor is used as
detecting unit 8, imaging is performed while rotational plane
mirror 5 is rotated about its rotational axis in accordance with
the size of the light emission surface of light source 10.
Therefore, it is unnecessary to adjust the picture angle of
detecting unit 8 by means of lens 7 or the like depending on
the size of the light emission surface of light source 10.
Namely, it is only necessary to adjust the range of the rota-
tional angle of rotational plane mirror 5 depending on the size
of'the light emission surface of light source 10, and therefore,
it is easy to measure the light distribution characteristic of a
variety of light sources 10.

[0253] Furthermore, in the light distribution characteristic
measurement apparatus in the present embodiment, a plural-
ity of detecting units may be arranged. In this case, at the same
angle of view with respect to light source 10, each of a
plurality of detecting units can image the same observation
point. Accordingly, calculation of the chromaticity or the like
can be made in a short time. At this time, a plurality of
detecting units can perform imaging in parallel, which can
therefore shorten the time required for measurement.

[0254] The foregoing description will make evident the
advantages other than the above ones of the light distribution
characteristic measurement apparatus in the present embodi-
ment.

[0255] Although the present invention has been described
and illustrated in detail, it is clearly understood that the same
is by way of illustration and example only and is not to be
taken by way of limitation, the scope of the present invention
being interpreted by the terms of the appended claims.

What is claimed is:

1. A light distribution characteristic measurement appara-
tus for measuring a light distribution characteristic of a light
source, comprising:

a detecting unit for detecting light from the light source;

a mirror for reflecting the light from the light source to
direct the light to the detecting unit;

a movement mechanism for moving the detecting unit and
the mirror relatively to the light source;

a rotation mechanism for rotating the mirror while main-
taining an optical path length from the light source to the
detecting unit; and

aprocessor adapted to calculate the light distribution char-
acteristic of the light source, based on a plurality of
measurement results that are detected by the detecting
unit under a condition that the detecting unit and the
mirror are arranged at a plurality of measurement posi-
tions relative to the light source and the mirror is ori-
ented at different rotational angles for each measure-
ment position.

2. The light distribution characteristic measurement appa-
ratus according to claim 1, wherein the rotation mechanism is
adapted to control the rotational angle of the mirror in such a
manner that a field of view of the detecting unit when the
mirror is oriented at a first rotational angle and a field of view
of the detecting unit when the mirror is oriented at a second
rotational angle do not overlap each other.

3. The light distribution characteristic measurement appa-
ratus according to claim 1, wherein the processor is adapted to
calculate an angle of view of the detecting unit with respect to
the light source, in connection with the rotational angle of the
mirror.
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4. The light distribution characteristic measurement appa-
ratus according to claim 1, further comprising a lens for
adjusting a focal point of the detecting unit on a light emission
surface of the light source.

5. The light distribution characteristic measurement appa-
ratus according to claim 1, wherein

the detecting unit and the mirror are configured to be rotat-

able integrally with each other about a first axis and a
second axis whose intersection corresponds to the center
of the light source, and

the rotation mechanism is adapted to rotate the mirror

about an axis at least parallel to one of the first and
second axes.

6. The light distribution characteristic measurement appa-
ratus according to claim 1, further comprising a second mirror
placed on an optical path from the mirror to the detecting unit.

7. The light distribution characteristic measurement appa-
ratus according to claim 1, wherein the detecting unit includes
a plurality of detecting surfaces arranged in accordance with
apredetermined rule, with respect to a rotational center of the
mirror.

8. The light distribution characteristic measurement appa-
ratus according to claim 7, wherein the rotation mechanism is
adapted to rotate the mirror by an angle at each movement that
is a half of an angle formed by two adjacent detecting surfaces
with respect to the rotational center of the mirror.

9. A light distribution characteristic measurement method
for measuring a light distribution characteristic of a light
source, comprising:

moving a detecting unit for detecting light from the light

source and a mirror for reflecting the light from the light
source to direct the light to the detecting unit, relatively
to the light source, to arrange the detecting unit and the
mirror at a plurality of measurement positions relative to
the light source;

orienting the mirror at different rotational angles for each

measurement position while maintaining an optical path
length from the light source to the detecting unit; and
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calculating the light distribution characteristic of the light
source, based on a plurality of measurement results
detected by the detecting unit.

10. The light distribution characteristic measurement
method according to claim 9, wherein the step of rotating
includes controlling the rotational angle of the mirror in such
a manner that a field of view of the detecting unit when the
mirror is oriented at a first rotational angle and a field of view
of the detecting unit when the mirror is oriented at a second
rotational angle do not overlap each other.

11. The light distribution characteristic measurement
method according to claim 9, wherein the step of calculating
includes calculating an angle of view of the detecting unit
with respect to the light source, in connection with a rota-
tional angle of the mirror.

12. The light distribution characteristic measurement
method according to claim 9, wherein

the detecting unit and the mirror are configured to be rotat-
able integrally with each other about a first axis and a
second axis whose intersection corresponds to the center
of the light source, and

the step of rotating includes rotating the mirror about an
axis at least parallel to one of the first axis and second
axes.

13. The light distribution characteristic measurement
method according to claim 9, wherein the detecting unit
includes a plurality of detecting surfaces arranged in accor-
dance with a predetermined rule, with respect to a rotational
center of the mirror.

14. The light distribution characteristic measurement
method according to claim 13, wherein the step of rotating
includes rotating the mirror by an angle at each movement
that is a half of an angle formed by two adjacent detecting
surfaces with respect to the rotational center of the mirror.
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