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(57) ABSTRACT

An information processing apparatus includes a processor
configured to acquire an image obtained by imaging a space
by one imaging device fixed in the space, specify, in the
image, a two-dimensional coordinate of a bright spot indi-
cating light emission of a light emitting device moving in the
space, acquire output information output by the light emit-
ting device, and specify a three-dimensional coordinate in
the space of the light emitting device based on the output
information and the two-dimensional coordinate.
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INFORMATION PROCESSING APPARATTUS,
LIGHT EMITTING DEVICE, AND
NON-TRANSITORY COMPUTER READABLE
MEDIUM STORING PROGRAM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based on and claims priority
under 35 USC 119 from Japanese Patent Application No.
2019-181540 filed Oct. 1, 2019.

BACKGROUND

(1) Technical Field

[0002] The present invention relates to an information
processing apparatus, a light emitting device, and a non-
transitory computer readable medium storing a program.

(i1) Related Art

[0003] There is a system for detecting a light emitting
device called a so-called light emitting tag or the like, which
includes an element emitting light (called a light emitting
element) and a circuit for controlling the light emission. In
this system, a tag including the light emitting tag provided
with a light emitting element on an article existing in space
is pasted, and the space is imaged by an imaging device such
as a digital still camera. Then, an information processing
apparatus of the system grasps the relative position of the
article with respect to the imaging device from the light of
the light emitting element included in the obtained image.
The system is used, for example, in a factory, a warehouse,
or the like to manage the handled articles.

[0004] By the way, the image captured by the system is
two-dimensional information and does not have depth infor-
mation. For example, in the three-dimensional space, in a
case where a plurality of tags are arranged on radiation
around a point in which the imaging device receives the
light, the light emitted by the light emitting tag is imaged in
an overlapping manner. Therefore, each position of the
plurality of light emitting tags in the three-dimensional
space is not specified only from an image captured by one
imaging device.

[0005] Therefore, a three-dimensional coordinate of a
target is required to be specified from a two-dimensional
coordinate of the target obtained by imaging the target such
as the light emitting tag fixed to the article. For example,
JP1994-167564A discloses a positioning method in which a
linear equation passing through a target and the center of a
vision surface of the imaging device are obtained respec-
tively from each fisheye image provided by a plurality of
imaging devices using a fisheye lens, and the three-dimen-
sional coordinate of the target is determined using an inter-
section point of the linear equation.

SUMMARY
[0006] However, preparing a plurality of imaging devices
is costly.
[0007] Aspects of non-limiting embodiments of the pres-

ent disclosure relate to an information processing apparatus,
a light emitting device, and a non-transitory computer read-
able medium storing a program that one imaging device
installed in space adds other information to an image
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obtained by imaging the space and specifies a position in a
three-dimensional space of light emitting device moving in
the space.

[0008] Aspects of certain non-limiting embodiments of
the present disclosure overcome the above disadvantages
and/or other disadvantages not described above. However,
aspects of the non-limiting embodiments are not required to
overcome the disadvantages described above, and aspects of
the non-limiting embodiments of the present disclosure may
not overcome any of the disadvantages described above.
[0009] According to an aspect of the present disclosure,
there is provided an information processing apparatus
including a processor configured to acquire an image
obtained by imaging a space by one imaging device fixed in
the space, specify, in the image, a two-dimensional coordi-
nate of a bright spot indicating light emission of a light
emitting device moving in the space, acquire output infor-
mation output by the light emitting device, and specify a
three-dimensional coordinate in the space of the light emit-
ting device from the output information and the two-dimen-
sional coordinate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Exemplary embodiment(s) of the present invention
will be described in detail based on the following figures,
wherein:

[0011] FIG. 1 is a diagram showing an example of an
overall configuration of an information processing system 9;
[0012] FIG. 2 is a diagram showing an example of a
configuration of an information processing apparatus 1;
[0013] FIG. 3 is a diagram showing an example of a
configuration of a light emitting tag 2;

[0014] FIG. 4 is a diagram showing an example of a
functional configuration of the information processing appa-
ratus 1;

[0015] FIG. 5 is a flow diagram showing an example of an
operation flow in which the information processing appara-
tus 1 specifies a three-dimensional coordinate of the light
emitting tag 2;

[0016] FIG. 6 is a diagram for explaining the three-
dimensional coordinate; and

[0017] FIG. 7 is a diagram for explaining a two-dimen-
sional coordinate.

DETAILED DESCRIPTION

Exemplary Embodiment

[0018] Configuration of Information Processing System
[0019] FIG. 1 is a diagram showing an example of an
overall configuration of an information processing system 9.
The information processing system 9 includes an informa-
tion processing apparatus 1, a light emitting tag 2, and an
imaging device 4. In addition, the information processing
system 9 shown in FIG. 1 includes a first atmospheric
pressure sensor 5.

[0020] The information processing apparatus 1 is an infor-
mation processing apparatus such as a personal computer.
[0021] The light emitting tag 2 is a light emitting device
that includes a light emitting element and a circuit that
controls the light emission. The light emitting tag 2 has, for
example, a shape such as a tag, is attached to an article
movable in space 8 to emit light, and transmits a position of
the article to the surroundings. The information processing
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system 9 shown in FIG. 1 is configured on the assumption
that a plurality of light emitting tags 2 exist in the space 8.
Here, the space 8 is, for example, space such as a factory or
a warehouse, and the articles are, for example, tools used
and managed in the factory, objects to be processed, goods
stored in the warehouse, evidence, and the like.

[0022] One imaging device 4 is installed in the space 8,
and is a digital still camera, a video camera, or the like that
images the space 8. The imaging device 4 includes, for
example, a wide-angle lens directed to the space 8 and an
imaging element such as a charge coupled device (CCD)
image sensor or a complementary metal oxide semiconduc-
tor (CMOS) image sensor that converts light captured by the
wide-angle lens into an electric signal.

[0023] Further, the imaging device 4 includes, for
example, a processor that controls the imaging element to
generate image data from an electric signal, and a memory
that stores the generated image data. The processor of the
imaging device 4 may correct the generated image data by
methods such as an equidistant projection method, an equal
solid angle projection method, and an orthographic projec-
tion method.

[0024] The imaging device 4 is communicably connected
to the information processing apparatus 1 by wire commu-
nication or wireless communication.

[0025] The imaging device 4 shown in FIG. 1 images the
space 8 a plurality of times, for example, periodically. Then,
the imaging device 4 transmits a plurality of images cap-
tured respectively at different times to the information
processing apparatus 1.

[0026] The first atmospheric pressure sensor 5 is a sensor
that is fixed to the space 8 and measures the atmospheric
pressure. The atmospheric pressure measured by the first
atmospheric pressure sensor 5 changes according to a height
of a position where the first atmospheric pressure sensor 5 is
fixed. Here, the height refers to a position along the direction
of gravity. In the space 8, a difference between a height at
which the first atmospheric pressure sensor 5 is fixed and a
height at which the imaging device 4 is fixed is known. That
is, the atmospheric pressure measured by the first atmo-
spheric pressure sensor 5 is, for example, converted into the
height at which the first atmospheric pressure sensor 5 is
fixed in the space 8 or the height at which the imaging device
4 is fixed by performing a determined operation or the like.

[0027] In addition, the first atmospheric pressure sensor 5
is communicably connected to the information processing
apparatus 1 by wire communication or wireless communi-
cation.

[0028] The information processing system 9 shown in
FIG. 1 assumes that the plurality of light emitting tags 2 exist
in the space 8. The light emitting tag 2 is movable in the
space 8 in the height direction as well as in the horizontal
direction. For example, in FIG. 1, a point P1 and a point P3
are points on the floor of the space 8. On the other hand, in
FIG. 1, a point P2 is a point on a top plate of a table installed
on the floor of the space 8.

[0029] As shown in FIG. 1, the light emitting tag 2 located
at the point P2 are arranged along with the light emitting tag
2 located at the point P3 on radiation centered on a point PO
at which the imaging device 4 receives the light. Accord-
ingly, in a case where the imaging device 4 images the light
emitting tag 2, the light emitted from the two light emitting
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tags 2 is imaged in an overlapping manner, so that the two
light emitting tags 2 cannot be distinguished from the
captured image.

[0030] Further, for example, actually, even in a case where
the light emitting tag 2 located at the point P2 is imaged, the
position of the light emitting tag 2 is specified as the point
P3 assuming that the light emitting tag 2 is placed on the
floor. In this case, in the three-dimensional coordinate of the
light emitting tag 2, a deviation of a table height occurs
along the height direction, and an error corresponding to the
table height occurs along a plane perpendicular to the height
direction.

[0031] Therefore, in the information processing system 9
shown in FIG. 1, the information processing apparatus 1
specifies the three-dimensional coordinate of the light emit-
ting tag 2 by using output information output by the light
emitting tag 2 in addition to the two-dimensional coordinate
of the light emitting tag 2 specified from the image acquired
from the imaging device 4.

[0032] The information processing apparatus 1 may be
connected to the imaging device 4, the first atmospheric
pressure sensor 5, and both of the imaging device 4 and the
first atmospheric pressure sensor 5 via a communication line
such as a local area network (LAN), a wide area network
(WAN), or the internet.

[0033] Configuration of Information Processing Appara-
tus
[0034] FIG. 2 is a diagram showing an example of a

configuration of the information processing apparatus 1. The
information processing apparatus 1 shown in FIG. 2
includes a control unit 11, a storage unit 12, a communica-
tion unit 13, an operation unit 14, and a display unit 15. The
configurations are communicably connected to each other
by, for example, a bus.

[0035] The control unit 11 includes a processor 111 and a
memory 112. In addition, the control unit 11 may include a
read only memory (ROM). The processor 111 controls each
unit of the information processing apparatus 1 by reading
out a computer program (hereinafter, simply referred to as a
program) stored in the ROM or the storage unit 12 into the
memory 112 and executing the computer program. The
processor 111 is, for example, a central processing unit
(CPU). The memory 112 is, for example, a random access
memory (RAM).

[0036] The communication unit 13 includes a communi-
cation IF 131. The communication IF 131 is a communica-
tion interface, and includes a circuit that performs commu-
nication control for communicably connecting the
information processing apparatus 1 to another apparatus by
wire communication or wireless communication. The com-
munication IF 131 shown FIG. 2 is connected to the imaging
device 4 and the first atmospheric pressure sensor 5 shown
in FIG. 1 by a signal line and the like. The communication
IF 131 receives data of an image obtained by imaging the
space 8 from the imaging device 4 and data of an atmo-
spheric pressure at a determined position in the space 8 from
the first atmospheric pressure sensor 5 via the signal line and
the like, respectively.

[0037] The operation unit 14 includes operation elements
such as an operation button, a keyboard, a touch panel, and
a mouse for performing various instructions. Then, the
operation unit 14 receives an operation and sends a signal
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corresponding to the operation content to the control unit 11.
The operation is, for example, a press on the keyboard or a
gesture on the touch panel.

[0038] The display unit 15 has a display screen such as a
liquid crystal display, and displays an image under the
control of the control unit 11. On the display screen, a
transparent touch panel of the operation unit 14 may be
arranged in an overlapping manner. The information pro-
cessing apparatus 1 may not include the operation unit 14
and the display unit 15.

[0039] The storage unit 12 is a storage means such as a
solid state drive or a hard disk drive, and stores an operating
system, various programs, data, and the like read by the
processor 111 of the control unit 11.

[0040] Tag Configuration

[0041] FIG. 3 is a diagram showing an example of a
configuration of a light emitting tag 2. The light emitting tag
2 includes a control unit 21 and an output unit 23.

[0042] The control unit 21 includes a processor 211 and a
memory 212. In addition, the control unit 21 may include the
storage unit such as a solid state drive or a ROM. The
processor 211 controls each unit of the light emitting tag 2
by reading out a program stored in the ROM or the storage
unit into the memory 212 and executing the program. The
processor 211 is, for example, a CPU. The memory 212 is,
for example, a RAM.

[0043] The output unit 23 includes a light emitting ele-
ment 231 and a second atmospheric pressure sensor 232.
The output unit 23 is an example of an output unit having a
light emitting element that outputs output information by
light emission. The light emitting element 231 is an element
that emits light under the control of the processor 211, and
is, for example, a light emitting diode (LED) or the like. The
timing and length of the light emission of the light emitting
element 231 are controlled by the processor 211. In addition,
the light emitting element 231 may have a configuration in
which an emission wavelength can be controlled by the
processor 211.

[0044] The second atmospheric pressure sensor 232 is a
atmospheric pressure sensor that measures an atmospheric
pressure around the light emitting tag 2. Accordingly, the
output unit 23 is an example of an output unit that is
provided in a tag and has the second atmospheric pressure
sensor that measures the atmospheric pressure around the
tag.

[0045] As described above, the atmospheric pressure
changes according to a height. Therefore, the atmospheric
pressure measured by the second atmospheric pressure sen-
sor 232 is converted into a height of the light emitting tag 2
in which the second atmospheric pressure sensor 232 is fixed
in the space 8 by performing a determined operation or the
like. The height of the light emitting tag 2 is an example of
information corresponding to a position of the light emitting
tag 2 in the space 8.

[0046] The processor 211 causes the light emitting ele-
ment 231 to emit light according to the atmospheric pressure
measured by the second atmospheric pressure sensor 232.
That is, the output unit 23 controlled by the processor 211 is
an example of an output unit that outputs output information
corresponding to the position of the light emitting device in
space. The processor 211 is an example of a processor that
causes a light emitting element to emit light according to
output information.
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[0047] The light emitting element 231 may emit light
according to a pattern corresponding to the atmospheric
pressure measured by the second atmospheric pressure sen-
sor 232. In this case, the processor 211 that causes the light
emitting element 231 to emit light is an example of a
processor that causes the light emitting element to emit light
in a pattern corresponding to the output information.
[0048] In addition, the light emitting element 231 may be
caused to emit light at a wavelength corresponding to the
atmospheric pressure measured by the second atmospheric
pressure sensor 232. In this case, the processor 211 that
causes the light emitting element 231 to emit light is an
example of a processor that causes the light emitting element
to emit the light having a wavelength corresponding to the
output information.

[0049] The processor 211 may output data other than the
above-described atmospheric pressure by controlling the
light emission of the light emitting element 231. For
example, in a case where a plurality of light emitting tags 2
exist in the space 8 and the information processing apparatus
1 needs to identify the plurality of light emitting tags 2, the
processor 211 of each light emitting tag 2 may, for example,
cause the light emitting element 231 to emit light according
to the identification information for identifying the light
emitting tag 2 stored in the memory 212. In this case, the
light emitting element 231 may emit light in a pattern
corresponding to a signal obtained by encoding the identi-
fication information of the light emitting tag 2, or may emit
light at a wavelength corresponding to the signal. In this
case, the processor 211 that causes the light emitting element
231 to emit light is an example of a processor that causes the
light emitting element to emit light according to the identi-
fication information indicating the light emitting device.

[0050] Functional Configuration of Information Process-
ing Apparatus
[0051] FIG. 4 is a diagram showing an example of a

functional configuration of the information processing appa-
ratus 1. The control unit 11 of the information processing
apparatus 1 functions as a first acquisition unit 1111, a first
specifying unit 1112, a second acquisition unit 1113, an
estimation unit 1114, and a second specifying unit 1115 by
causing the processor 111 to read the program stored in the
storage unit 12 into the memory 112 and execute the
program.

[0052] The first acquisition unit 1111 acquires an image of
the space 8 imaged by the imaging device 4 (not shown in
FIG. 4) via the communication IF 131. That is, the processor
111 functioning as the first acquisition unit 1111 is an
example of a processor that acquires an image of the space
imaged by one imaging device fixed in the space. In a case
where the imaging device 4 images the space 8 a plurality of
times, the first acquisition unit 1111 acquires a plurality of
images that are imaged respectively at different times. In this
case, the processor 111 functioning as the first acquisition
unit 1111 is an example of a processor that acquires a
plurality of images of the space imaged respectively by the
imaging device at different times.

[0053] The light emitting tag 2 moves in the space 8, and
the light emitting tag 2 may emit light. Accordingly, the
image captured by the imaging device 4 may include the
light emitting tag 2 in a case of emitting light, and the light
emission of the light emitting tag 2 is a bright spot in the
image. Here, the “image” is rectangular visual information
configured with a plurality of pixels arranged vertically and
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horizontally in a grid pattern. In addition, the “bright spot”
here is an area configured with one or more pixels having a
brightness more than a threshold value as compared with
surrounding pixels in the image.

[0054] The first specifying unit 1112 specifies a two-
dimensional coordinate of the bright spot indicating the light
emission of the light emitting tag 2 moving in the space 8 in
the image acquired by the first acquisition unit 1111. That is,
the processor 111 functioning as the first specifying unit
1112 is an example of a processor that specifies the two-
dimensional coordinate of the bright spot indicating the light
emission of the light emitting device moving in the space in
the acquired image.

[0055] In addition, the first specifying unit 1112 shown in
FIG. 4 specifies output information corresponding to the
light emission from the image obtained by imaging the light
emission of the light emitting tag 2.

[0056] The output information is data of the atmospheric
pressure measured by the second atmospheric pressure sen-
sor 232 included in the output unit 23 of the light emitting
tag 2. The first specifying unit 1112 specifies, for example,
a light emission pattern indicated by the bright spot from a
plurality of images acquired by the first acquisition unit 1111
and specifies output information such as the data of the
atmospheric pressure on the basis of the pattern. In this case,
the processor 111 functioning as the first specifying unit
1112 is an example of a processor that acquires output
information indicated by the light emission pattern from the
plurality of acquired images.

[0057] In addition, the first specifying unit 1112 may
specify an emission wavelength indicated by the bright spot
from the image acquired by the first acquisition unit 1111
and may specify the output information such as the data of
the atmospheric pressure on the basis of the wavelength.
[0058] The first specifying unit 1112 may further specify
identification information of the light emitting tag 2 that
emits light from the image acquired by the first acquisition
unit 1111. The first specifying unit 1112 may provide the
second acquisition unit 1113 in association with the two-
dimensional coordinate of the light emitting tag 2 that emits
light or the output information indicated by the light emis-
sion and the identification information.

[0059] The second acquisition unit 1113 acquires the out-
put information specified by the first specifying unit 1112.
That is, the processor 111 functioning as the second acqui-
sition unit 1113 is an example of a processor that acquires
output information output by the output unit provided in the
light emitting device. In addition, the processor 111 func-
tioning as the first specifying unit 1112 shown in FIG. 4 is
an example of a processor that acquires the output informa-
tion from an image obtained by imaging light emission of a
light emitting element.

[0060] For example, the second acquisition unit 1113
shown in FIG. 4 acquires the data of the atmospheric
pressure measured by the first atmospheric pressure sensor
5 (not shown in FIG. 4) via the communication IF 131, and
acquires the data of the atmospheric pressure measured by
the second atmospheric pressure sensor 232 from the first
specifying unit 1112.

[0061] The estimation unit 1114 calculates a difference
between the atmospheric pressures measured respectively
by the first atmospheric pressure sensor 5 and the second
atmospheric pressure sensor 232, and estimates the height of
the light emitting tag 2 on the basis of the difference. That
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is, the processor 111 functioning as the estimation unit 1114
is an example of a processor that estimates the height of the
light emitting device on the basis of the difference between
the atmospheric pressures measured respectively by the first
atmospheric pressure sensor and the second atmospheric
pressure sensor.

[0062] The second specifying unit 1115 specifies the three-
dimensional coordinate of the light emitting tag 2 in the
space 8 from the output information acquired by the second
acquisition unit 1113 and the two-dimensional coordinate of
the bright spot indicating the light emission of the light
emitting tag 2 specified by the first specifying unit 1112.
That is, the processor 111 functioning as the second speci-
fying unit 1115 is an example of a processor that specifies
three-dimensional coordinate in the space of the light emit-
ting device from the output information and the two-dimen-
sional coordinate.

[0063] Operation of Information Processing Apparatus
[0064] FIG. 5 is a flow diagram showing an example of an
operation flow in which the information processing appara-
tus 1 specifies a three-dimensional coordinate of the light
emitting tag 2. In the information processing apparatus 1, the
processor 111 of the control unit 11 acquires an image of the
space 8 imaged by the imaging device 4 (step S101), and
specifies a two-dimensional coordinate of a bright spot
indicating light emission of the light emitting tag 2 moving
in the space 8 in the image (step S102).

[0065] In addition, the processor 111 acquires the output
information output by the output unit 23 provided in the light
emitting tag 2 (step S103), and acquires information of
reference (referred to as reference information) required for
estimating a height of the light emitting tag 2 from the output
information (step S104).

[0066] Here, the output information acquired by the pro-
cessor 111 in step S103 is information output by causing the
light emitting element 231 to emit light in a pattern corre-
sponding to the data of the atmospheric pressure measured
by the second atmospheric pressure sensor 232 of the output
unit 23 by the processor 211 of the light emitting tag 2.
[0067] The processor 111 has acquired a plurality of
images in step S101. The processor 111 specifies the light
emission pattern of the light emitting tag 2 on the basis of a
timing and a period in which the bright spot indicating the
light emission of the light emitting tag 2 appears in the
plurality of acquired images, and acquires data of the
atmospheric pressure indicated by the pattern, that is, output
information.

[0068] Reference information acquired by the processor
111 in step S104 is information transmitted from the first
atmospheric pressure sensor 5 to the control unit 11 via the
communication unit 13, and is data of the atmospheric
pressure measured by the first atmospheric pressure sensor
5.

[0069] The processor 111 estimates the height of the light
emitting tag 2 in the space 8 using the output information
acquired in step S103 and the reference information
acquired in step S104 (step S105). For example, the pro-
cessor 111 calculates a difference between the atmospheric
pressure around the light emitting tag 2 indicated by the
output information and the atmospheric pressure around the
first atmospheric pressure sensor 5 indicated by the refer-
ence information. Then, the processor 111 converts the
calculated difference into the height using a predetermined
operation expression. Thereby, the height of the light emit-
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ting tag 2 with respect to a position of the first atmospheric
pressure sensor 5 is estimated.

[0070] In a case where each height of the first atmospheric
pressure sensor 5 and the imaging device 4 is different, the
memory 112 stores the difference in height between the first
atmospheric pressure sensor 5 and the imaging device 4 in
advance. In this case, the processor 111 may estimate the
height of the light emitting tag 2 with respect to the position
of the imaging device 4 using the difference read out from
the memory 112.

[0071] Then, the processor 111 specifies the three-dimen-
sional coordinate of the light emitting tag 2 in the space 8 by
applying the height of the light emitting tag 2 estimated in
step S105 to the two-dimensional coordinate of the light
emitting tag 2 specified in step S102 (step S106).

[0072] The three-dimensional coordinates are specified,
for example, as follows. FIG. 6 is a diagram for explaining
the three-dimensional coordinate. FIG. 7 is a diagram for
explaining a two-dimensional coordinate.

[0073] In FIG. 6, space such as the space 8 is represented
as an xyz right-handed coordinate space. The point PO is a
center point of a wide-angle lens of the imaging device 4
shown in FIG. 1. The point P1 is a point where the light
emitting element 231 of the light emitting tag 2 is located.
In FIG. 6, the +z direction is upward, but as shown in FIG.
1, in a case where the imaging device 4 images the lower
side, the +z direction is the direction of gravity.

[0074] In the three-dimensional coordinates centered on
the point PO, the coordinate of the point P1 is expressed by
the following [Formula 1]. Here, r is a distance between the
point PO and the point P1, 6 is an angle of the point P1 with
respect to a z-axis, and ¢ is an angle of the point P4 obtained
by projecting the point P1 onto an xy plane with respect to
an x-axis.

[Formula 1]

x=psin O-sin ¢

y=rsin 6-cos ¢

z=p-cos 0 (€8]

[0075] On the other hand, in a case where an image
captured by the imaging device 4 is represented by the
equidistant projection method, the distance from the center
to the bright spot corresponds to 6 shown in FIG. 6, as
shown in FIG. 7. In addition, an angle of the bright spot with
respect to the x-axis corresponds to ¢ shown in FIG. 6. In the
captured image, only two components, 6 and ¢, of the
three-dimensional coordinates of the light emitting tag 2 are
shown, and r is unknown.

[0076] On the other hand, as shown in FIG. 6, in a case
where a height difference h between the point PO and the
point P1 is determined from the measurement of the atmo-
spheric pressure or the like, the above-described r is speci-
fied using the difference h and the two-dimensional coordi-
nates (0, ¢) specified from the captured image. In this case,
since 7z=h, the following [Formula 2] is obtained by substi-
tuting h into z of the above-described [Formula 1]. The
processor 111 of the information processing apparatus 1
specifies three-dimensional coordinates (X, y, z) of the light
emitting tag 2 on the basis of the [Formula 2].
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[Formula 2]
x=h-tan O-sin ¢
y=htan O-cos ¢
z=h @

[0077] By the above-described operation, the processor
111 specifies the three-dimensional coordinate of the light
emitting tag 2 in the space 8 from the images captured by the
imaging device 4 fixed in the space 8 and the output
information output by the output unit 23 provided in the light
emitting tag 2. As a result, even in a case where only one
imaging device 4 can be installed, since the three-dimen-
sional coordinate of the light emitting tag 2 is specified, the
position of the light emitting tag 2 movably accommodated
in the space 8 is grasped by an user of the information
processing system 9.

Modification Example

[0078] The above is the description of the exemplary
embodiment, but the contents of the exemplary embodiment
can be modified as follows. Further, the following modifi-
cation examples may be combined.

[0079] <I1>

[0080] Inthe above-described exemplary embodiment, the
processor 211 of the light emitting tag 2 causes the output
unit 23 to output the atmospheric pressure measured by the
second atmospheric pressure sensor 232 as the output infor-
mation, but the output information that the processor 211
outputs to the output unit 23 is not limited to thereto. For
example, in a case where the space 8 has a temperature
gradient in which a temperature changes depending on the
position, the processor 211 may output the temperature
measured by a thermometer to the output unit 23 as the
output information. In this case, the output unit 23 only
needs to have the above-described thermometer.

[0081] In addition to the atmospheric pressure sensor and
the thermometer, the output unit 23 may output the output
information on the position of the light emitting tag 2 using
a measuring device that measures a physical quantity at
which a gradient occurs in the space 8. Physical quantity to
be measured includes, for example, sound, humidity, vibra-
tion, magnetic field, concentration, electromagnetic cou-
pling, and the like in addition to the above-described atmo-
spheric pressure and temperature.

[0082] <2>

[0083] Inthe above-described exemplary embodiment, the
processor 111 functions as the estimation unit 1114 that
calculates a difference between the atmospheric pressures
measured respectively by the first atmospheric pressure
sensor 5 and the second atmospheric pressure sensor 232,
and estimates the height of the light emitting tag 2 on the
basis of the difference. However, in a case where the
atmospheric pressure measured by the first atmospheric
pressure sensor 5 hardly fluctuates, the estimation unit 1114
may estimate the height of the light emitting tag 2 only from
the atmospheric pressure measured by the second atmo-
spheric pressure sensor 232. In this case, the information
processing system 9 may not have the first atmospheric
pressure sensor 5.

[0084] <3>

[0085] Inthe above-described exemplary embodiment, the
output unit 23 includes the light emitting element 231 and
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the second atmospheric pressure sensor 232, but may
include a wireless device 233 as shown by a broken line in
FIG. 3. The wireless device 233 is a device that transmits
and receives a wireless signal by so-called short-range
wireless communication in accordance with, for example,
standards such as IEEE 802.15.

[0086] In this case, the communication unit 13 of the
information processing apparatus 1 may include a wireless
IF 132 that is a wireless interface as shown by a broken line
in FIG. 2. The wireless IF 132 is an interface that receives
the wireless signal transmitted by the wireless device 233
and transmits the wireless signal to the processor 111.
[0087] For example, the processor 211 of the light emit-
ting tag 2 transmits a wireless signal corresponding to the
atmospheric pressure measured by the second atmospheric
pressure sensor 232 to the information processing apparatus
1 by the wireless device 233 included in the output unit 23.
That is, the output unit 23 is an example of an output unit
having a wireless device that wirelessly outputs the output
information. The wireless IF 132 of the information pro-
cessing apparatus 1 may receive the wireless signal trans-
mitted from the wireless device 233 and transmit the data of
the atmospheric pressure indicated by the wireless signal to
the processor 111. That is, the processor 111 is an example
of a processor that acquires the output information on the
basis of a reception signal received from the wireless device.
[0088] <4>

[0089] Inthe above-described exemplary embodiment, the
light emitting element 231 included in the output unit 23 of
the light emitting tag 2 outputs a signal obtained by encoding
the identification information of the light emitting tag 2
according to a light emitting pattern and an emission wave-
length, but the signal may be output by another method.
[0090] For example, the processor 211 of the light emit-
ting tag 2 wirelessly transmits, from the wireless device 233,
a signal indicating the start and end timings together with a
signal indicating the identification information of the light
emitting tag 2. Then, the light emitting element 231 may
emit light during the period from the start to the end. In a
case where a plurality of light emitting tags 2 exists in the
space 8, the light emitting tags 2 may be exchanged wire-
lessly, and the timing of light emission may be different from
each other. Further, the information processing system 9
may include a control device that controls the light emitting
tags 2 by wireless communication so that the timings at
which the plurality of light emitting tags 2 emit light
respectively differ.

[0091] The processor 111 of the information processing
apparatus 1 receives the identification information of the
light emitting tag 2 and the notification of the start and end
timings from the wireless device 233 of the light emitting tag
2 via the above-described wireless IF 132. Then, the pro-
cessor 111 may specify a two-dimensional coordinate of the
bright spot of the light emitting tag 2 that has emitted light
from the image captured by the imaging device 4 during the
period from the start to the end, and associate the two-
dimensional coordinate with the above-described identifica-
tion information.

[0092] <5>

[0093] In the above-described exemplary embodiment, in
a case where the plurality of light emitting tags 2 exist in the
space 8 and need to be identified, the light emitting tag 2
transmits the identification information to the information
processing apparatus 1 using the light emitting element 231,
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but may transmit the identification information to the infor-
mation processing apparatus 1 without using the light emit-
ting element 231. For example, an identification image such
as a one-dimensional barcode or a two-dimensional barcode
may be printed on the light emitting tag 2. The processor 111
of the information processing apparatus 1 may extract the
identification image from the image acquired from the
imaging device 4 and analyze the identification image to
identify the light emitting tag 2.

[0094] <6>

[0095] Although the above-described information pro-
cessing apparatus 1 includes the control unit 11 that has the
processor 111 and the memory 112, and controls each unit,
but a control means that controls the information processing
apparatus 1 may have another configuration. For example,
the information processing apparatus 1 may include various
processors in addition to the CPU.

[0096] In addition, the above-described light emitting tag
2 includes the control unit 21 that has the processor 211 and
the memory 212 and controls each unit, but a control means
that controls the light emitting tag 2 may have another
configuration. For example, the light emitting tag 2 may
include various processors in addition to the CPU.

[0097] The term “processor” refers to hardware in a broad
sense. Examples of the processor include general processors
(e.g., CPU: Central Processing Unit) and dedicated proces-
sors (e.g., GPU: Graphics Processing Unit, ASIC: Applica-
tion Specific Integrated Circuit, FPGA: Field Programmable
Gate Array, and programmable logic device).

[0098] <7>

[0099] In the embodiments above, the term “processor
111”7 is broad enough to encompass one processor 111 or
plural processors in collaboration which are located physi-
cally apart from each other but may work cooperatively. The
order of operations of the processor is not limited to one
described in the embodiments above, and may be changed.
[0100] <8>

[0101] A program executed by the processor 111 of the
control unit 11 of the information processing apparatus 1
described above is an example of a program for causing a
processor included in a computer to execute a process, the
process including acquiring an image obtained by imaging
space by one imaging device fixed in the space, specifying,
in the image, a two-dimensional coordinate of a bright spot
indicating light emission of a light emitting device moving
in the space, acquiring output information output by an
output unit included in the light emitting device, and speci-
fying a three-dimensional coordinate in the space of the light
emitting device from the output information and the two-
dimensional coordinate. The program can be provided in a
state stored in a recording medium readable by a computer
device, for example, a magnetic recording medium such as
a magnetic tape and a magnetic disk, an optical recording
medium such as an optical disk, a magneto-optical recording
medium, a semiconductor memory, or the like. In addition,
the program may be downloaded via a communication line
such as the internet.

[0102] The foregoing description of the exemplary
embodiments of the present invention has been provided for
the purposes of illustration and description. It is not intended
to be exhaustive or to limit the invention to the precise forms
disclosed. Obviously, many modifications and variations
will be apparent to practitioners skilled in the art. The
embodiments were chosen and described in order to best
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explain the principles of the invention and its practical
applications, thereby enabling others skilled in the art to
understand the invention for various embodiments and with
the various modifications as are suited to the particular use
contemplated. It is intended that the scope of the invention
be defined by the following claims and their equivalents.
What is claimed is:
1. An information processing apparatus, comprising:
a processor configured to
acquire an image obtained by imaging a space by one
imaging device fixed in the space;
specify, in the image, a two-dimensional coordinate of
a bright spot indicating light emission of a light
emitting device moving in the space;
acquire output information output by the light emitting
device; and
specify a three-dimensional coordinate in the space of
the light emitting device based on the output infor-
mation and the two-dimensional coordinate.
2. The information processing apparatus according to
claim 1,
wherein the light emitting device includes a light emitting
element that outputs the output information by the light
emission, and
wherein the processor is configured to acquire the output
information from the image obtained by imaging the
light emission by the light emitting element.
3. The information processing apparatus according to
claim 2,
wherein the processor is configured to
acquire a plurality of images of the space imaged by the
imaging device at different times; and
acquire the output information indicated by a light
emission pattern based on the plurality of images.
4. The information processing apparatus according to
claim 1,
wherein the light emitting device includes a wireless
device that wirelessly outputs the output information,
and
wherein the processor is configured to acquire the output
information based on a signal received from the wire-
less device.

Apr. 1,2021

5. A light emitting device, comprising:

an output unit that outputs output information according
to a position of the light emitting device in a space;

a light emitting element; and

a processor,

wherein the processor is configured to cause the light
emitting element to emit light according to the output
information.

6. The light emitting device according to claim 5,

wherein the processor is configured to cause the light
emitting element to emit light in a pattern correspond-
ing to the output information.

7. The light emitting device according to claim 5,

wherein the processor is configured to cause the light
emitting element to emit light having a wavelength
corresponding to the output information.

8. The light emitting device according to claim 5,

wherein the processor is configured to cause the light
emitting element to emit light according to identifica-
tion information indicating the light emitting device.

9. The light emitting device according to claim 6,

wherein the processor is configured to cause the light
emitting element to emit light according to identifica-
tion information indicating the light emitting device.

10. The light emitting device according to claim 7,

wherein the processor is configured to cause the light
emitting element to emit light according to identifica-
tion information indicating the light emitting device.

11. A non-transitory computer readable medium storing a

program for causing a processor included in a computer to
execute a process, the process comprising:

acquiring an image obtained by imaging a space by one
imaging device fixed in the space;

specifying, in the image, a two-dimensional coordinate of
a bright spot indicating light emission of a light emit-
ting device moving in the space;

acquiring output information output by the light emitting
device; and

specifying a three-dimensional coordinate in the space of
the light emitting device based on the output informa-
tion and the two-dimensional coordinate.
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